on ae 


*, 


eh hassle 


ea et teres a 
een aees raaeet, 


Vol. XXIl, No. 2, PSYCHOLOGICAL REVIEW PUBLICATIONS March, 1915 


THE 


Psychological Review 


EDITED BY 
JOHN. B, WATSON, Jouns Horxins University 
HOWARD C. WARREN, Princeton University (/ndex) 
JAMES R. ANGELL, Universtry or Catcaco ( Monographs) anv 
SHEPHERD I. FRANZ, .Govr, Hosp. ror Insane { Rudictin) 


ADVISORY EDITORS 


R. P.. ANGIER, Yace Universiry; MARY W. CALKINS, Wexiesiey Coiiece; RAY- 
MOND DODGE, Wuestevan Universiry; H. N. GARDINER, Smiru Coiizce; JOSEPH 
JASTROW, University or Wisconsin; C. H. JUDD, Universiry or Curcaco; ADOLF 
MEYER, Jouns Hopxins Universrry ; HUGO MONSTERBERG, Harvarp Untversity ; 
W.B, PILLSBURY, Uviversiry oy Micnican; C..E. SEASHORE, University or Iowa ; 
G. M: STRATTON, University or CALivonnta; E. L. THORNDIKE, Cotumeta University 





* CONTENTS 


A Proposed Classification of Mental Functions: Grorce A. Cor, 87. 

Color Theory and Realism: Kyicut Dunvap, 99. 

Point Scale Ratings of Delinquent Boys and Girls: Tuomas H. 
HAINES, 104. 

A Preliminary Study of the Deficiencies of the Method of Flicker for 
the Photometry of Lighis of Different Colors, Part 7: C. E. 
FERREE and GerTRUDE RAND, 110. 

The Functions of Incipient Motor Processes: S. Bent Russex1, 163. 


. 


PUSLISHED BI-MONTHLY BY 
PSYCHOLOGICAL REVIEW COMPANY 
41 NORTH QUEEN ST., LANCASTER, PA. 
and PRINCETON, N. J. 


Entered as second-class matter July 13, 1897, at the post-office ai Lancaster, Pa., under 
Act of Cougrese of March 3, 1879. 





Psychological Review Publications 


EDITED BY 


HOWARD C. WARREN, Princetoy University (/#dex) 
‘JOHN B. WATSON, Jouns Hopkins University (feview) 
JAMES R, ANGELL, Universiry OF Cutcaco ( Monographs) 
SHEPHERD I. FRANZ, Govt. Hosp. ror Insane (Auilictin) 


WITH THE CO-OPERATION OF 
Many DIsTINGUISHED PsYCHOLOGIS‘?s 


THE PSYCHOLOGICAL REVIEW 


containing original contributions only, ais bimonthly, on the first of January, 
March, Muy, July, September, and November, the six numbers comprising a volume 
. of about 480 pages. 


THE PSYCHOLOGICAL BULLETIN 


containing critica! reviews, notices of books and articles, psychological news and 
notes, university notices, and announcements, the fifteenth of each month, 
the annual vo!ume comprising about 480 pages. Special issues of the BULLETIN con- 
sist of genéral reviews of recent work in some department of psychology. 


THE PSYCHOLOGICAL INDEX 


isa compendious bibliography of books, monographs, and articles upon psycho- 
logical and cognate topics that have appeared durirg the year. The Inpex is issued 
in April or May, and may be subscribed for in connection with The Revirw and 


BULLETIN, or ; urchased separately, 


Annual Subscription to Review and Bulletin, $5.00 (Canada, $5.15, 
Postal Union, $5.30); Review, Bulletin, and Index, $5.85 
- (Canada, $6.00, Postal Union, $6.15) ; Bulletin, 
Alone, $2.75 (Canada, $2.85, Postal Union, $2.95); 


Current Numbers of the Review, s0c.; of the Bulletin, asc. (special 
issucs 40¢.); of the index, $r. 


THE PSYCHOLOGICAL MONOGRAPHS 


consist of longer researches or treatises or collections of laboratory studies which it 
is important to publish promptly and as units,. Taz Puitosornicat MonoGrarus 
form a separate series, containing treatises more philosophical in character. The 
MoNOGRAPHS appear at irregular intervals and are gathered into volumes of ahout 500 
pages, with a uniform subscription price of $4.00. (Postal Union $4.40.) Each 
series may be subscribed for separately. 

The price of s.ngle numbers varies according to their size. Eighteen volumes 
of the PsycuoLocica MownoGrapns have been issued, and the firet volume of the 
PHILosopuical, Monocrapns is in progress. 


LIBRARY OF GENETIC SCIENCE AND PHILOSOPHY 


. dA series of bound books issued as ted fur publication. The price varies ac- 
cocding to the size of the volume. Two-volumes of the Library have already appearea. 


- Subscriptions, orders, and business communications mey be sent direct to the 


PSYCHOLOGICAL REVIEW COMPANY 
| Princeton, New Jersey 















£ 











VoL. XXII. No. 2 March, 1915 





THE PSYCHOLOGICAL REVIEW 





























A PROPOSED CLASSIFICATION OF MENTAL 


FUNCTIONS 


BY GEORGE A. COE 


Union Theological Seminary 


Whenever anything is declared to be a function of mind 
we should be able to discover both the general sense in which 
the term ‘function’ is used, and also the setting of the par- 
ticular function in question within a functional whole. This 
is as much as to say that classification of mental functions 
should have a place in functional psychology that will cor- 
respond to the position now occupied in structural psychology 
by lists of mental elements and modes of combination. Up 
to the present time such a systematic background has been 
lacking. As a consequence the undefined fringe of meaning 
in discussions of functions leaves still too much room for 
misunderstanding one another, or even oneself. Further, 
the lack of classification implies that we are not yet ready 
to begin describing functions in terms of functional laws. 
Such is the unsatisfactory situation out of which the present 
article attempts to take a single step. The results are neces- 
sarily preliminary and tentative; the most that I can hope for 
is that other investigators will be sufficiently interested to 
make good my deficiencies. 

The approaches thus far made toward a classification of 
mental functions fall into the following classes: 

(a) Affirmations of the purposive character of mind, with- 
out any list of specific functions.! 

1 EF. g., J. E. Creighton, ‘The Standpoint and Method of Psychology,’ Phil. Reo., 


March, 1914; H. Miinsterberg, ‘Psychology, General and Applied,’ 1914, and R. M. 
Ogden, ‘Introduction to General Psychology,’ 1914. 









87 








- i» * - . > 7 _ 
el cae oe ee > ae Fa Mea PA yin “ 
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(b) The oft-made assertion that the fundamental functions 
of all life, mind included, are nutrition and reproduction. 
At a later point I shall ask what, as a matter of fact, mind 
does with these two vital processes. At once, however, I 
would point out that some of the so-called ‘irradiations’ from 
primitive hunger and love—for example, science—have char- 
acters of their own which it requires some violence to call 
either nutritive or reproductive. 

(c) To each item in a structural classification of mind 
Angell has added the question, What is its function? There 
results what might be called an engineer’s drawing of mind as 
an adjusting mechanism. It goes far toward supplying the 
functional classification that I am seeking, and as a conse- 
quence I shall borrow rather freely from it. That it needs 
supplementing, however, should be clear from these two 
considerations: First, Angell’s list of functions is not based 
upon similarities and differences among the functions them- 
selves; he merely finds and describes a function for each 
element of structure. Second, his genetic method keeps his 
eyes fixed upon the earliest mental reaction, the terminus a 
quo, whereas our problem—the direction of mental movement 
—requires us to consider also the most developed reaction as 
a terminus ad quem. I find no fault with Angell for not 
answering questions that he does not raise, but functional 
psychology must surely incorporate into itself a fuller de- 
scription of the interests of developed mind. After we have 
named early utilities, and even after we have made such 
generalizations as that mind extends the control and organ- 
ization of movements, something in the nature of function 
still remains over. To illustrate: If you should ask what are 
the functions of a dividing engine, I might answer by showing 
how each wheel and lever contributes to the accurate control 
of movement, and I might generalize by saying that this 
instrument as a whole has the function of so adjusting our 
motions as to enable us to make extremely minute divisions 
of a surface. This would be a functional description, no 
doubt, yet beyond it lies the destination of the whole, namely, 
certain sciences in the interest of which the dividing engine 
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exists at all. Just so, the proposition that mind increases 
the extent and the fineness of our adjustments needs to be 
supplemented by inquiry into the terminal meaning of the 
whole. 

(d) A fourth approach to a functional classification pro- 
ceeds as follows: Mental functions are correlative with inter- 
ests; interests have their roots in instinctive satisfactions; 
therefore an inventory of instincts would be ipso facto a list of 
the functions of mind. Let us, then, look to our original 
nature, that is to our unlearned tendencies to react in specific 
ways, to give attention to specific sorts of object, to take satis- 
faction in predetermined kinds of mental occupation. The 
program is attractive, and we shall see that it yields results 
that have an important bearing upon our problem, though 
not quite the results that are commonly expected. For, first, 
the ‘original’ nature of man means the part of his nature that 
is disclosed antecedently to all culture, that is, before the 
mind has performed some of its most characteristic acts.! 
Second, the broad mental areas traditionally called instincts 
are disappearing from the psychologic map, and in their 
stead there is appearing a vast, indefinite number of narrow 
adjustment acts. For example, Thorndike says that “reach- 
ing is not a single instinct, but includes at least three somewhat 
different responses to three very different situations.’ Thus, 
the farther back we go in our mental history the greater the 
difficulty of functional classification, unless we constantly 
look forward as well as backward. On the other hand, the 
very minuteness and rigor of Thorndike’s analysis reveal 
certain general, forward-looking tendencies. Thus, there is 
a tendency to be or to become conscious;' there is an original 
‘love of sensory life for its own sake’; there is spontaneous 
preference for experiences in which there is mental control;‘ 
finally, there is a native capacity for learning.’ In short, 

1E. L. Thorndike, ‘The Original Nature of Man,’ 1913, 198 f.; also ‘Education,’ 
1912, Ch. v. 

2 ‘Original Nature,’ 50. 

3 [bid., 170 f. 

4141. 

5341 f. 

6 371. 
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there are ‘original tendencies of the original tendencies .. . 
original tendencies not to this or that particular sensitivity, 
bond or power of response, but of sensitivities, connections 
and responses, in general.’! Here, I take it, is where interests, 
in the proper sense of the term, come in. If we are to define 
our mental functions by our interests, we must consider not 
merely tendencies to this or that sensitivity, but also and 
particularly our tendencies to organize or do something with 
our sensitivities. Some results of Thbrndike’s analysis of 
such tendencies I shall take over into my own classification. 

(e) Some of the conditions for a general classification of 
mental functions are fulfilled in recent discussions of value.? 
Here function is treated as function; it is not confused with 
elements of structure, nor is a given function identified with 
its earliest, crudest form. Sense of direction from something 
to something is here. Urban’s list of values, in particular, 
conveys a sense of the general direction of the movement of 
mind. What is still needed is something like a combination of 
Angell, Thorndike, and Urban. The reason why lists of 
values need supplementing is twofold: First, they do not com- 
prehend mind as a whole, for example, its biological aspects. 
Second, several types of value, as will presently appear, are 
not simple functions, but functional complexes. 

These converging lines in recent psychology may be sum- 
marily described as follows: (1) All mental process what- 
soever is purposive, and it should be analyzed from this as 
well as from the structural standpoint—that is, mental functions 
must be determined. (2) The human mind is functionally as 
well as structurally continuous with the animal mind, so that 
a classification of functions must include the biological point 
of view. (3) The termini of mind, by which functions are 
defined, include conscious interests, or self-defining ends. 
(4) Several specific functions of both the biological type and 
the conscious-interest type, have been defined here and there 
in scattered places. 

What remains to be done is to systematize these results; 

1170. 


* The chief classifications of value are summarized by J. S. Moore, ‘The System 
of Values,’ Jour. Phil., VII (1910), 282-291. 
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to discover, and if possible, fill remaining gaps; and to show 
the relation of the resulting functional concepts to older, 
more current psychological categories. The whole must, of 
course, be description, not evaluation. The work of func- 
tional psychology is not to tell us what we ought to prefer, 
but to determine, as a matter of observable fact, what mind 
does actually go toward and ‘for.’ Two main divisions, 
each with several subdivisions, are implied in what has already 
been said. 

A. Biological Functions.—To occupy the biological stand- 
point—which is simply a point of view used temporarily for 
certain purposes, and not necessarily more true or funda- 
mental than other points of view—is to think of living beings 
without reference to any approvals or preferences, any 
‘better and worse.’ The biological functions of mind consist 
in quantitatively determinable increases in range of response 
to environment. Our subdivisions of biological functions, 
accordingly, are as follows: 

1. Increase in the spatial range of objects responded to. 

. Increase in the temporal range of objects responded to. 

3. Increase in the range of magnitudes to which response is 
made. 

4. Increase in the range of qualities responded to. 

5. Increase in the range of environmental codrdinations to 
which codrdinated responses are made. 

This list will remain the same whether we approach the 
facts from the behaviorist standpoint or from that of tra- 
ditional psychology. I call these functions mental for two 
reasons: Because they characterize mind in its most conscious 
as well as its less conscious stages, and because these ‘direc- 
tions of movement’ though they are established before we 
reflect upon them, become, after reflection, conscious pur- 


Ww 


poses. 

The relation of this analysis to the popular categories, 
nutrition and reproduction, requires a word of explanation. 
To begin with nutrition, what has mind, as a matter of fact, 
to do with it? (a) Mind connotes changes in the feeding 
reaction that fall under one or more of the above-listed 
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functions. But the law here is a general one; it applies 
likewise to protection from weather, from accidents, and from 
enemies, and it applies also to social organization, science, 
and art. As far as range of response is concerned, then, we 
need no special nutrition category. (b) Mind connotes 
success in a competitive struggle over a limited supply of 
food. Increase of mind makes a difference here, but in what? 
Can the difference be expressed in terms of nutrition? No; for 
nutritive functions would go on at least as well if no com- 
petition occurred, or if the mentally inferior animal had 
happened to get the food instead of the mentally superior 
one. The difference made by mind is that some new object 
or quality is responded to, and that the more differentiated 
response tends to be perpetuated by inheritance. Here the 
function appears to be not nutrition but the production of a 
more specialized individual. (c) It is at least as correct to 
say that mind moves away from as toward nutrition. For, 
correlative with the growth of mind goes restriction of feeding 
to specialized kinds of food, and consequent increase in the 
mechanical cost of getting it. The ocean brings food to an 
oyster; a cat must hunt for its living. Everywhere the dis- 
criminative appetite is the expensive one. (d) If we scru- 
tinize cases in which feeding appears to be the end of conscious 
effort, we find, almost if not quite invariably, that the very 
act of consciously seeking food gives to nutrition the place 
of means to some experience beyond itself. ‘The labor move- 
ment illustrates this principle on a large scale. Even if the 
central stimulus of this movement could be identified as 
hunger (which is doubtful), the conscious end of the strug- 
gle is home life, leisure, culture, the education of children, 
free participation in the determination of one’s destiny. (e) 
But it may be said that the social integration of men has as 
one of its most obviously important consequences the sta- 
bilizing of the food supply and a more even distribution of it. 
Civilization will soon reach a point at which famines can no 
longer occur. What, it may be asked, is the meaning of the 
present movement for agricultural instruction, and indeed 
for vocational training in its whole extent, if not just this, 
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that men want enough to eat? Here, indeed, is excellent 
material for answering the question what mind is about when 
it seeks food. The crucial question for us is whether the 
direction of the mind’s movement here can be defined as 
from hunger to repletion. Of course food is an object of 
conscious desire. So is getting to Albany on time an object 
of desire on the part of one who is travelling from New York 
to Buffalo by way of the New York Central. The road to 
our social ends certainly takes the food-supply route. But, 
as in the case of the labor movement, social food seeking that 
begins instinctively awakens, sooner or later, a consciousness 
of the social values broadly called cultural, and these it is 
that define the specifically mental destination or function. 
Turning now to the question whether reproduction should 
be accounted a mental function, we find the course of evolu- 
tion not at all ambiguous. Reproduction is most prolific in 
the lowest ranges of life. Mental development is clearly 
correlated with decrease in the birth rate. How many fac- 
tors are involved in this decrease I will not attempt to say, 
but certainly mind is one of them. Herbert Spencer realized 
this fact,! though he did not bring out the full significance of 
it. John Fiske’s two essays on human infancy® carry us 
much farther. Mind individualizes the various living beings 
that are involved, first the offspring and then the parents. 
The obvious mental function is not reproduction of existing 
types, but the production of certain new, more specialized 
types. Mind does not stimulate reproduction any more than 
it stimulates hunger; it does not increase fertility any more 
than it increases assimilation. But, just as mind specializes 
foods and increases the cost of feeding, so it individualizes 
living beings and increases the cost of each individual. The 
whole may be viewed as on the one hand an increase of in- 
hibitions, and on the other hand a focalizing of dispersed at- 
tention. In short, the biological functions of mind can be 
altogether expressed as increase in the range of objects and 


1 Principles of Biology,’ Part VI., especially Chs. XII. and XIII. 
? Reprinted under the title, “The Meaning of Infancy,’ in the Riverside Educa- 


tional Monograph series, Boston, 1909. 
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qualities responded to, and in range of codrdination of re- 
sponses. 

B. Preferential Functions.—Our discussion of nutrition 
and reproduction has already brought us face to face with 
conscious preferences, that is, mind defining its own direction. 
We may take for granted, I suppose, that satisfactions are, 
in general, a sign of unimpeded mental action, and that we 
can tell one another about our satisfactions. One may, in- 
deed, be mistaken as to what one likes, that is, as to what it 
is in a complex that makes it likable, but such mistakes can 
be discovered and corrected, chiefly by further communi- 
cation. The functions of our second main division, then, are 
always qualitative (implying a ‘better and worse’), and they 
are scientifically known through communication by means of 
language. Thus it is that many preferences have already 
been successfully studied, such as color preferences, the likes 
and dislikes of children with respect to pictures and with re- 
spect to future occupations, merit in handwriting, merit in 
English composition, merit as a psychologist, the comic, 
persuasiveness, even moral excellence. Such experimental 
studies have the effect not merely of discovering preferences, 
but also of adding precision to preferences already recorded 
in the world’s literature. Would that a Hollingworth might 
have been present throughout human evolution to record the 
growth of human preferences. As the case stands, we must 
combine experiment upon present preferences with the less 
precise study of life as reflected in literature, art, and insti- 
tutions. 

Where shall we look for a basis for the systematic sub- 
division of preferential functions? Suppose we compare 
early types of reaction with late ones, say, Thorndike’s pic- 
ture of original nature with value-analyses, which represent 
developed interests. Let us begin with the fact that there is 
satisfaction in merely being conscious. To be conscious, 
then, we may count as the first preferential function. Note, 
next, that satisfaction attaches to mere movement of atten- 


1H. L. Hollingworth gives a list of ‘order of merit’ researches in ‘Experimental 
Studies in Judgment,’ Archives of Psychology, New York, 1913, 118 f. 
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tion from one object to another, as in ‘love of sensory life for 
its own sake.’ May we not say that a second preferential 
function of mind is to multiply its objects? A third appears 
in the preference for experiences that include control of ob- 
jects. A fourth is closely related thereto, namely, the ar- 
rangement of objects in systems—it is a function of mind to 
unify its objects. This is seen all up and down the scale from 
the spontaneous perception of spatial figures in the starry sky 
to the ordering of an argument. 

These four preferential functions appear to be fundamen- 
tal, that is, not further analyzable. If we turn, in the next 
place, to the usual value categories to see whether we may 
not find further unanalyzable functions, we come upon the 
interesting, not to say strange, fact that ethical, noétic, re- 
ligious and even economic values presuppose a function that 
they donot name. Each of these types of value depends upon 
the existence of a society of inter-communicating individuals, 
yet it seems not to have occurred to anyone to include a 
social category—simply and specifically social—in discussions 
of either functions or values. Should not the fifth prefer- 
ential function in our list, then, be the function of being social, 
of having something in common with another mind, in short, 
of communicating? The justification, not to say necessity, 
for recognizing a simply social function of mind, exists not 
alone in the social presupposition of several recognized values, 
but also in a long series of genetic studies which, from one 
angle after another, have revealed the fundamentally social 
nature of consciousness.! 

There remains for consideration our esthetic experience. 
Doubtless it involves functions already named, particularly 





1It is true that these are commonly studies of content rather than of function, 
and that ‘I’ and ‘thou’ appear therein as ‘idea of I’ and ‘idea of thou.’ For the pur- 
poses of merely structural analysis this is doubtless sufficient. That is, structural 
analysis as such has no place at all for the experience of communication. On the 
other hand, communication will loom large in any adequate general analysis of mental 
functions. In an article ‘On Having Friends: A Study of Social Values’ (Jour. Phil., 
XII. (1915), 155-161), I essay a functional treatment of one easily accessible social 


experience. Satisfaction in having a friend I show to be satisfaction in a second 


experiencing. Social experience like this is distorted whenever attempts are made to 


construe it without the -ing. 











96 GEORGE A. COE 


the functions of unification and communication. But it 
seems to contain also an attitude somewhat different from 
those already named, the attitude of contemplation—the 
taking of satisfaction in objects merely as there, without re- 
gard to anything further that may happen to or with them. 
Hence I add contemplation to the list. 

The preferential functions, then, are these: 

1. To be conscious. 

To multiply objects of consciousness. 
To control objects, oneself included. 
To unify objects, oneself included. 
To communicate, that 1s, have in common. 
To contemplate. 

Some omissions from this list require explanation. Play 
is omitted because it involves a complex of 1 and 2, generally 
3 also, sometimes all six, and because it is fully exhausted 
therein. Truth is omitted because, as far as it is not an ab- 
straction from actual intellectual functioning, I hold it to be 
analyzable without remainder into functions already named, 
especially 4 and 5.! No ethical function appears because the 
three objectives that it includes—control, unification, sociali- 
zation—already have appropriate recognition in the list.? 
As to economic value, it seems to be exhausted in the notion 
of control within a social medium. Finally, religion is with- 
out a place in the list because it offers no particular value of 
its own. Religion is not codrdinate with other interests, but 
is rather a movement of reinforcement, unification, and re- 
valuation of values as a whole, particularly in social terms.’ 

It will be asked, no doubt, whether the functions of mind 
can be named without any direct reference to instinctive de- 
sires. In addition to what has already been said concerning 
nutrition and reproduction—that they are, so to say, con- 
stants that find a supply at every level of mentality—it may 
now be added, as a general truth, that mental activity upon 
the objects of instinctive desire does not satisfy the desire in 


Anh ey 


1Cf. A. W. Moore, ‘Truth Value,’ Jour. Philos., V (1908), 429-436. 
2 Cf. J. H. Tufts, ‘Ethical Value,’ Jour. Philos., V (1908), 517-522. 
3G. A. Coe, ‘Religious Value,’ Jour. Philos., V (1908), 253-256. 
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its initial form, but modifies the desire itself. For example, 
what has at first only a derived interest as means to something 
else may acquire an interest of its own, become anend. This 
is surely the way that science has come into being, and very 
likely art also. The evolution of parental and of conjugal 
relations offers abundant examples of the truth that the dis- 
tinctive work of mind with our desires is to differentiate and 
recreate them. Our list of mental functions, accordingly, 
need not specify particular desires, but only the primary 
ways in which mind works among them. 

A question may arise, also, whether higher desires or ideal 
values ought not to appear in the list. Is not the most dis- 
tinctive achievement of mind in the realm of desires, it may 
be said, the mastery of certain ones in the interest of others? 
I agree that ‘the desires of the self-conscious’ must be recog- 
nized as having a character of their own,! and that a list of 
mental functions must do justice to them. ‘‘The valuation 
of persons as persons constitutes a relatively independent 
type, one which presupposes a differentiation of object and 
attitude.”* The list as it stands, however, will be found to 
do justice to this differentiation. Here are self-control, self- 
unification, self-socialization, with the implication that all 
this applies to any and every self, both actualized selves and 
ideal selves. 

Finally, inasmuch as no pleasurable sense-quality of ob- 
jects is mentioned in the list, but only ‘objects, oneself in- 
cluded,’ doubt may arise whether the functions here named 
are not merely formal and contentless. Functions would 
indeed be merely formal if they were so defined as to imply 
indifference to the specific qualities of things. ‘Pure in- 
tellect’ is certainly a mere abstraction, never a function. In 
a list of ‘preferential functions,’ however, satisfactions are 
everywhere presupposed, not ignored. Granted both pain- 
ful and pleasurable objects as data, our question is what 
mind does with such data. Psychology is of course free from 
the old hedonistic fallacy that the only thing we can do with 


1A. O. Lovejoy, ‘The Desires of the Self-Conscious,’ Jour. Philos., IV (1907), 


29-39. 
2 W. M. Urban, ‘Valuation, its Nature and Laws,’ London, 1909, 282; see also 269. 
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pleasures is to seek for them, and that the only thing we can 
do with pains is to avoid them. What we try to do in the 
presence of such data is to control and organize them, sifting 
out an item here, deliberately enlarging an item there, all in 
the interest of being, so to say, at home with oneself and with 
one’s fellows. In short, the preferential functions here named 
represent minds as mutually attaining freedom in the world 
as it is. Such minds are as concrete as anything can con- 
ceivably be. 
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COLOR THEORY AND REALISM! 


BY KNIGHT DUNLAP 
The Johns Hopkins University 


The suggestion made by McGilvary concerning a possible 
color theory in harmony with a doctrine of sensational 
realism? seems to me very important. No color theory, so 
far as I am aware, has attempted to do more than satisfy 
the psychological requirements (some have been contented 
with much less); but it is possible that we may find a theory 
which will satisfy both the psychological requirements and 
the requirements of realism. If such a theory be found, it 
will be a matter of interest and importance. 

I should like to point out, in the first place, that none of 
the prominent theories can be given a realistic turn. The 
Franklin theory, and the Hering theory with its variants, 
fall short on the psychological side in so many places (as, for 
instance, in the inability to account for the perception of green 
without red) that they may be dropped out of consideration. 
The Hering theory, it is true, would perhaps be satisfactory 
to the realist, if it were psychologically defensible; but the 
Franklin theory being a physiological interpretation of the 
current form of the Young-Helmholtz theory, is not acceptable 
to the realist, for reasons which I will mention below. 

The Young-Helmholtz theory, as at present held, is 
satisfactory to the psychologist, largely because it is, as I have 
elsewhere explained,’ merely a psychological schematization, 
elastic enough to take in all of the accepted data of color 
vision, but not concerned with definite hypotheses in the 
physiological unknown. 

The Young-Helmholtz theory assumes red, green, and 


1 Written in 1912, but withheld from publication on account of the crowded 
condition of the Review. 
21912, Philosophical Review, XXI. (2), 171. If I am misrepresenting Dr. Mc- 
Gilvary’s realism (which is more than possible), I offer my apologies. 
3 ‘System of Psychology,’ p. 73, footnote. 
99 











100 KNIGHT DUNLAP 


bluish-violet (indigo) as the three primary colors; not because 
they are the only ones on which the theory can rest; but 
because it happened to start out with them for simplicity’s 
sake, and has as yet seen no sufficient reason for changing. 
The statement of Helmholtz on this point is significant: 
“Der Wahl der drei Grundfarben hat zunachst etwas Will- 
kirliches. Es konnten beliebig jede drei Farben gewahlt 
werden, aus denen Weiss zusammengesetzt werden kann. 
Young ist wohl durch die Riicksicht geleitet worden, dass die 
Endfarben des Spectrum eine ausgezeichnete Stellung zu 
beanspruchen scheinen. Werden wir diese nicht wahlen, 
so musste eine der Grundfarben ein purpurner Farbenton sein, 
und die ihr entsprechende Curve in Fig. 119 zwei Maxima 
haben, eines im Roth, eines im Violett. Es ware dies eine 
complicirtere, aber nicht unmodgliche Voraussetzung. So viel 
Ich siehe, giebt es bisher keine anderes Mittel, eine der Grund- 
farben zu bestimmen, als die Untersuchung der Farbenblin- 


den.””! 


So far, no exception can be taken to Helmholtz. But in 
the consideration of color blindness, he made a mistake which 
was quite excusable at the time, and assumed that in the 
ordinary cases of dichromopsia the patient sees green and 
violet, since the natural explanation of dichromopsia seemed 
to be the absence of one of the three processes. Hence, he 
found no reason for abandoning Young’s primaries. We now 
know (or at least it is generally believed) that the two colors 
seen in typical dichromopsia are yellow and blue or some 
color near blue. This gives us the alternative of abandoning 
Young’s set of primary colors, or of stating the parachro- 
mopsias in terms other than those of absence of one of the 
three processes. The latter alternative has been chosen by 
adherents to the Young-Helmholtz theory,? and for psycho- 
logical purposes is quite satisfactory so far. It might be 
thought, however, from the statement quoted above, that 


1 *Physiologische Optik,’ Zweite Abschnitt, § 20 (pp. 292-293 in the first edition). 

2 Opponents of the three-color theory make no mention of this, but refute the 
theory in its older form, which is much more satisfactory for their purposes. So far 
as I can find, the only modern statements of the theory in English text-books are in 
Greenwood’s ‘Physiology of the Senses’ and my ‘System of Psychology.’ 
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Helmholtz would rather have considered the certification of 
yellow-blue dichromopsia as an indication that the three prim- 
aries should be changed. 

The acceptance of green and red as primaries prevents a 
realistic interpretation of the phenomena of color vision, since 
a really red object is (probably) seen as yellow by the di- 
chromopsic individual, whereas red is not compounded from 
yellow, but yellow from red, according to the theory. There 
may be some way of avoiding this difficulty, but it seems to 
me that the acceptance of the Young-Helmholtz theory in 
the present form, or of the Franklin physiological theory based 
on it, entails the assumption that colors are purely private 
content. So far as we can assume psychologically, some 
person or animal might see as blue, or as any other color, or 
even as the note bb, the object I see as red. 

It seems to be possible to modify the Helmholtz theory in 
such a way as to make it compatible with sensory realism; 
and possibly the modification would, be just as satisfactory 
psychologically. We might eventually have to assume four 
colors instead of three, but for the present we may deal with 
three, with the addition of white (gray). This addition is 
necessary because of the fact that all sorts of parachromopsias 
seem to agree in the perception of white in quite a normal 
fashion (or at least it is now generally believed that this is 
the case). 

If the three colors are yellow, the spectral color usually 
called blue-green, and the purple complementary to green, 
the theory seems to work out very well. As a matter of fact, 
if the total range of colors be studied without prejudice, this 
triad is seen to be at least as satisfactory (so far as mere 
qualitative comparison goes), as any other. Let us call the 
three colors yellow, peacock, and mauve (the hues commonly 
indicated by the last two of these terms are near enough to 
the colors in question to serve the purpose), and the white or 
gray neutral. We may then use the letters Y, P, M and N 
without confusion. Red is a mixture of Y and M; green a 
mixture of Y and P; blue and violet are mixtures of P and 
M. Practically all colors contain some N. Hence the fact 
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that in complete achromopsia only JN is seen, in certain para- 
chromopsias only the Y of the red (Y + M) combination, and 
in others (possibly) only the P of the blue and violet (P + M) 
combinations, is perceived, is quite intelligible. It is quite 
conceivable, in other words, that the M curve of the ‘slow’ 
end of the spectrum might alone be lacking, or the M curve 
of the ‘rapid’ end, or even both together. Whether the 
common cases of dichromopsia with shortened spectrum are 
due to the absence of the M curves alone, or to the absence of 
the slow M curve and the P curve, we can not decide from the 
evidence so far. In the cases with unshortened spectrum, 
the P curve alone may be missing. If there are transitional 
cases between these two forms of dichromopsias (which some 
investigators deny), they can also be accommodated in this 
omnibus theory; for it may be pointed out that there are end- 
less possibilities of difference in sensitiveness of the processes 
present. 

The occurrence of pure white in normal vision is to be 
explained by the facts (which are established regardless of 
theory) that the stimulation of any color process renders it 
progressively less sensitive. If the eye is exposed to the 
influence of yellow light, it sees progressively (expressed 
loosely) less and less yellow, and more and more white. The 
apparent intensity of any component, in other words, is 
relative not only to the ‘natural capacity’ of the eye, but also 
to its condition at any moment; and this condition depends 
largely on preceding stimulations. We have to assume further 
that any mixture of light rays to which the eye has become 
well adapted, will therefore not stimulate the color processes, 
although it will stimulate the N process. It is a significant 
fact that the eye becomes as well adapted to yellow gaslight 
or to the bluish light of the mercury vapor arc, as to daylight, 
if it is subjected to one of these stimuli alone. 

There is however a further necessary statement, which is 
not a statement of fact unless our hypothetical theory be 
true; and that is, that the three processes can not in any case 
be simultaneously stimulated. Any two of them may be 
set in action, but an additional stimulus, adequate, when 
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occurring alone, to excite the third process, simply has an 
inhibitory effect on the first two (although acting as an 
increased stimulus to the N process), unless this third stimulus 
becomes relatively more intense than the first two, in which 
case it alone is effective, the other two serving to lessen its 
specific effect. This statement rather complicates the theory, 
but, for that matter, the complication indicated occurs in 
some form in every theory, even in the current Young-Helm- 
holtz theory. While this realistic color theory seems to me 
highly interesting, and is probably just as workable as the 
accepted form of the Young-Helmholtz theory, I should not 
be inclined to substitute it for the latter unless the former 
theory should be shown to be the psychologically superior 
one. A sufficient factor of community in the world of objects 
may be given in the relational elements alone, and I think we 
might accept this point on a basis of realism rather than of 
idealism. It is however, well to bear in mind the realistic 
theory of color, as it apparently offers welcome possibilities 
of psychological research. 











POINT SCALE RATINGS OF DELINQUENT BOYS 
AND GIRLS! 


BY THOMAS H. HAINES 


Bureau Juvenile Research, Columbus, Ohio 


The Yerkes-Bridges? point scale for measuring intelli- 
gence appeals to the worker in the province of the standardi- 
zation of the development of human intelligence most strongly 
as a very useful rationalization of the Binet-Simon method. 

1. It puts the whole process on such a basis that is is con- 
stantly self-perfective,—the norms approach the reality in 
direct proportion to the increase in number of records of 
normal children summarized. 

2. Another advantage is that it becomes a simple matter 
to plot curves for the growth of intelligence in different races, 
in different sexes, and in different classes of society in the 
same locality. All resulting curves and tabulations, being 
made by the same examinational methods, are directly 
comparable. 

3. It is not to be denied, also, that the point scale method 
of rating intelligence overcomes some arbitrariness in method, 
in that it allows the individual to make his credits anywhere 
along the line of some twenty tests, whereas the Binet method 
makes the passing of a given year depend upon a fixed stan- 
dard, passing four out of five given tests. 

4. Partial credit given for partial results also commend 
this method, as for example in ‘words given in three min- 
utes,’ ‘three words used in one sentence,’ ‘arrangement of 
weights,’ and ‘counting backward from 20 to I.’ 

It was a very fortunate feature of the plan of the origi- 
nators of the point scale, that they pursued the natural 

1 Read before the American Psychological Association, at a meeting at Phila- 


delphia, December 29, 1914. 

2See ‘The Point Scale. A New Method for Measuring Mental Capacity,’ by 
Robert M. Yerkes and J. W. Bridges, The Boston Medical and Surgical Journal, 
Vol. CLXXI., Number 23, December 3, 1914, pp. 857-866. 
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method of development, and relied almost entirely upon the 
Binet material and methods. Nineteen of the twenty point 
scale tests are Binet tests. Analogies are extra. 

This makes it a very simple matter to conduct the two 
examinations on the same person at the same time, or 
rather to secure both a Binet and point scale rating of 
a given person from one examination. One has simply to 
follow the order of the point scale sheet. When this is 
complete, it is only a matter of half a dozen short tests 
to complete the Binet rating. This practice has been pur- 
sued by the author in examining two hundred delinquents in 
industrial schools in Ohio. The idea in mind, in the begin- 
ning, was to try out the point scale in comparison with the 
Binet-Simon method, to see what it was worth, as it was 
frankly recognized that the data summarized in the point 
scale, so far, from normal children, are rather limited, as com- 
pared with those from the use of the Binet scale. 

It was soon apparent that results from the two methods 
showed a very close parallel, the point scale results tending a 
little higher, as would be expected with abnormal adolescent 
minors, because of the wider opportunities offered for securing 
credits, for any given year of intelligence age. But the 
paralleling is so close in the low grade morons, and the agree- 
ment is so close between the two methods in excluding in- 
telligence defect in the higher grade delinquents, that dis- 
parity between the two ratings seemed at once to afford 
reasonable ground for doubt as to the value of the Binet 
findings. 

We formed, therefore, a class of doubtful cases,—cases in 
which Binet rating made the child less than twelve years old 
mentally, and point scale credits were beyond twelve years. 
The close correlation of results by the two scales is the first 
result of interest in this work. The second is the value of 
the point scale as a check upon the Binet scale in determining 
the line between intelligence defect and normal intelligence. 
At the best, it is a delicate matter to decide between a high 
grade moron and one who has no intelligence defect, and each 
examiner must develop his own standards. But where a 
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boy makes 11.4 years Binet and 80 points by point scale, or 
14 years, it is certainly safe to consider his Binet record as in 
some measure accidental, and that he is more likely to make 
good, than the boy whose Binet is 11.4 years, and whose point 
scale is 71 points, or 11.6 years. The latter seems much more 
likely to prove himself a high grade moron, to have an irre- 
mediable defect in equipment on the side of intelligence. Of 
course, even here there is doubt. The point scale is a method 
contributing to the finer shading of our doubts, and the more 
precise statement of intelligence defects. 

In scoring by the Binet method, we adopted the common 
procedure of requiring four credits to pass a given year, mak- 
ing the highest so passed a basal year, and allowing one year 
additional for each five credits. Half credits were often 
given, as ¢. g., in two definitions superior to use in the nine- 
year tests, copying one design in the ten-year tests, or giving 
solution to one problem in twelve-year tests. Mentality was 
reckoned to tenths of years. In estimating mental age by 
the point scale, the spirit of the method was violated to this 
extent, that we assumed the lines of the curve between each 
two consecutive years to be straight, and we set down the 
equivalent to a point rating, in years, reckoned to the nearest 
tenth of a year. 

The classification adopted in the first two hundred cases 
examined, one hundred at the Girls’ Industrial School, and 
one hundred at the Boys’ Industrial School, resulted in the 
following grouping. The average mentalities are given for 
each group. 

GIRLs. 
1. 34 low and medium morons, ranging from 8 to 10.5 years 
mentally. 

Binet average, 9.4 years. Point scale average = 54.5 

points, or 9.I years. 
2. 24 high-grade morons, ranging from 10.5 years up. 

Binet average, 10.9 years. Point Scale average = 70 

points, or II.5 years. 
3. 13 doubtful cases. 

Binet average, 11.5 years. Point scale average = 80.1 

points, or 14 years. 
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4. 29 no intelligence defect. 


Binet, 22 = I2 yrs. + Point scale average = 84 
s=12 “ points. 
2=12 “* — 
Boys. 


1. 2 high-grade imbeciles, each making 32 points = 6.6 years, 
point scale. 
2. 40 medium and low-grade morons. 


Binet average, 9.4 years. Point scale average = 56.2 
points, or 9.5 yrs. 
3. 25 high-grade morons. 
Binet average, 10.9 years. Point scale average = 81.2 
points, or 14.5 years. 
4. 20 doubtful cases. 
Binet average, 11.4 years. Point scale average = 81.2 


points, or 14.5 years. 
5- 13 no intelligence defect. 
Binet 6 = 12 yrs. + Point scale average of the seven 
I = 12 yrs. 84.6 = 15 years + 2} points. 
Six of the thirteen were less than two years retarded. 
The mean or average variations from these averages so 
far as calculable, both for years, and for points, are embodied 
in the following table: 


j 
| Av. Equivalent 




















Av. Binet MV. | ps.| M.V. |" Years M.V 
Girts 
Low and medium morons. | 9.4 yrs. 39 yrs.| $4.5/ 5.5 =| 9.1 yrs.| .58 yrs. 
High morons...........| 10.9 yrs. 43 yrs.|70 | 3.5 = |II yrs. 32 yrs. 
Doubtful intell. def... ... 11.5 yrs. .24 yrs.| 80.1) 3.5 = |14 yrs. 
No intell. def........... 22 are 12 + yrs. 84 | 3.5 =|15 yrs.+ 
| § are 12 yrs. | 2 pts. 
2 are 12 — yrs. 
| | | 
| 
Boys | 
Low and medium morons. 9.4 yTs. -§0 yrs.| 56.2! 5.3 =| 9.5 yrs. | .64 yrs. 
High-grade morons...... | 10.0 yrs. |.42 yrs.,67 | 3.5 = 11.4 yrs. | .24 yrs. 
rere 11.4 yrs. | .20 yrs.| 81.2| 2.9 = |14.5 yrs. 
PEO WINE. piv iko ce Shascee 6 are 12 yrs.+| | 84.6) 2.7 = |15 yrs.+ 
I is 12 yrs. 2 pts. 


These figures demonstrate the point scale, at the present 
state of development, to be quite as accurate a means of 
measuring the intelligence of high grade defectives as is the 
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Binet scale. In the groups directly comparable, by mean 
variations, we find the low and medium morons, both boys 
and girls, yielding considerably larger mean variations for 
point scale equivalents in years, and the high grade morons, 
both sexes, yielding considerably smaller mean variations 
for point scale equivalents in years. One could, of course, 
throw these comparisons either way by manipulating the 
data. The effort in grouping was to give equal weight to 
each set of figures. That this was done with fair success is 
indicated by the close approximation to each other, of the 
average mental ages, obtained by the two methods, in each 
of these two groups for both sexes. 

The mean variations from the point scale averages, for 
the four groups, for each sex, indicate that we have made the 
three highest groups of about the same ranges of mentality, 
whereas the lowest has nearly twice the range. The low and 
medium grade morons could readily be set apart into two 
groups each, having a range equivalent to that of the high 
grades morons. The M. V. of each group would lower ac- 
cordingly. It is a great satisfaction to feel that we have 
even a tentative means of assessing the intelligence develop- 
ment, between ten and fifteen years, in the normal child. 
Small and insignificant as are the point differences in these 
years, the point scale begins to let in the light upon these 
differentiations, which the Binet scale has left in the dark. 
When more data are collected, qualitative or analytic studies 
of the differences in the point scale findings with children 
rating within these years, both normal and abnormal, may 
be expected to yield significant results, —significant for 
diagnosis of the mentality of the exceptional child. 

In view of the disparity of the results obtained by the 
two methods, in our group of ‘doubtful intelligence defect,’ 
two things at once occur to one. (1) It will be interesting to 
note the future history in the particular cases, to see whether 
such a doubtful child proves himself to be 11.5 years mentally 
as per Binet or 14 years as per point scale. There must 
remain a blot upon his intelligence, until he disproves it, for 
he is likewise retarded by both ratings as compared with 
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the group above. It is rare for members of this group to 
achieve the 82 points of 15 years, while the higher group 
averages 84 points. 

(2) The other matter in regard to this disparity holds in 
regard to the ‘no defect’ group also. In both groups and 
for both sexes the points attained by point scale rating cor- 
respond to higher years on the point scale curves, than are 
attained by the Binet rating. One cannot avoid the sus- 
picion that the numbers of normal cases so far rated in these 
higher years by the point scale, may be so few and so ex- 
ceptional that we have averages which are too low for given 
years, and that more work with normals will bring these 
figures higher. The close correspondence between the two 
ratings for the lower groups suggests this.. A thousand 
normal children, ten to fifteen years old, rated and grouped 
by point scale, would, in any event, bring needed light in this 
region. The same results studied analytically would be of 
great service in furthering insight into mental organization 
and development in late childhood and adolescence. 

1 Professor Yerkes states that point scale and Binet ratings, resulting from his 
own examinations of more than fifty normal children, show that the Binet ratings 
for children below the mental age of eight are too high, and for children above the 
mental age of eight they are too low. Professor Thorndike comes to a similar view 
by taking Dr. Goddard’s results of the examinations of two thousand school children 
in Vineland, New Jersey, and working out the averages and median values. For 
Thorndike’s results see the Psychological Clinic, December 15, 1914. 





A PRELIMINARY STUDY OF THE DEFICIENCIES OF 
THE METHOD OF FLICKER FOR THE 
PHOTOMETRY OF LIGHTS OF DIF- 
FERENT COLOR! 


BY C. E. FERREE AND GERTRUDE RAND 
Bryn Mawr College 


SyYNopsIs 


A satisfactory method of photometry should combine the following features. 
(1) It should enable one to detect small differences in luminosity and to reproduce 
results for a given observer with a small mean variation and for a number of observers 
with a comparatively small mean variation. That is, the method should possess an 
adequate degree of sensitivity. (2) It should be known either to possess of itself logical 
sureness of principle or its results must agree in the average with those of some method 
which can be shown to have this sureness of principle. The method of flicker probably 
satisfies the first of these requirements better than the equality of brightness method. 
It does not, however, possess of itself the needed sureness of principle, nor have its 
results been shown to agree in the average with any method which is accorded sureness 
of principle. Points are enumerated in the paper appended which raise doubt with 
regard to the correctness of the photometric balance obtained by the method of flicker. 
Only one of these is discussed, namely, the influence of the time element in the exposure 
of the eye to the lights to be compared. With regard to this point, it is shown from 
experimental data (1) that the sensations aroused by lights differing in color value rise 
to their maximum brightness at different rates; and (2) that the single exposures used 
in the method of flicker are much shorter than is required for these sensations to rise 
to their full value. The eye, therefore, is very much underexposed to its stimulus by 
the method of flicker. That is, the rate of succession used in the method of flicker is 
too fast for the single impressions to arouse their maximum effect in sensation and too 
slow for the successive impressions to add or summate as much as they would need 
to do to rise to their full value or perhaps even to a higher value than would be given 
by the individual exposures. Only one other possibility for a correct balance remains,— 
equality is attained at some value lower than the full value. This can not be assumed, 
however, without violating well-known laws relating to the factors which influence 
persistence of vision. 

The principal point of discussion, then, is to what degree it should be held that the 
difference in lag between the sensations aroused by the single exposures used in the 
method of flicker is obliterated in a succession of exposures. Broadly considered, three 
positions are possible with regard to the point for the rates of succession that are 
employed in the method of flicker. (1) The difference is not obliterated at all. In 
this case the photometric balance should deviate from the true balance in direct pro- 


1Paper read by C. E. Ferree at the Philadelphia section of the Illuminating 
Engineering Society, January 16, 1914. 
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portion to the difference in lag for the single exposures. (2) The difference is in part 
obliterated, but it is still present to a degree which renders the method untenable for 
precise work. And (3) the difference is entirely obliterated or so nearly so as to be of 
no practical consequence to the validity of the method. The second is approximately 
the position taken in this paper. The following evidence is offered in support of this 
position. (a) At high intensities of light the writers get by the method of flicker a 
deviation from the true photometric balance, as determined by the equality of bright- 
ness method, in a direction which corresponds to the difference in lag between these 
colors at high intensities as determined both in their own laboratory! and by Broca 
and Sulzer. (b) At low intensities they get a difference in lag for the colors which is in 
the same direction as the deviation obtained by Ives and Luckiesh at low intensities 
(the reverse Purkinje effect). (c) A change in the relative lengths of exposure to the 
two lights in the method of flicker produces a deviation from the equality of brightness 
balance which again corresponds in direction to the changes that are produced in the 
sensations aroused by the single exposures when similar changes are made in the 
relative lengths of exposure. And (d) determinations made at several intensities of 
light by the method of flicker show a deviation from the equality of brightness balance 
which is many times the smallest difference in brightness that can be detected by the 
method. Moreover, in their own results the writers find that these deviations in every 
case correspond to the difference in lag given by lights of the same order of magnitude 
of intensity, so far as can be judged from the determinations of lag that have been made 
up to this time. When, however, determinations have been made on a larger number 
of observers, individual differences may be found in the amount and distribution of lag 
just as they have been found in the amount and direction of the deviation of the flicker 
from the equality of brightness balance. Later in the interests of a fairer comparison 
the writers hope to make in every case compared the determination of lag and the photo- 
metric determinations on the same observer. 


The writers have preferred to call the work of which this 
paper is a brief report a preliminary study for the following 
reasons. (1) Only one of the points directly pertaining to 
the method of flicker that should be investigated has been 
taken account of in the work. And (2) to complete the chain 
of evidence needed for this point, a more especially directed 
and perhaps more careful determination should be made 
than has yet been done of the time required for visual 
sensations colored and colorless to rise to their maximum of 
intensity. Such a study with especial reference to the needs 
of photometry is now in progress in our laboratory, but is as 
yet unfinished.? 


1 See this paper, footnote 1, pp. 125-130. 

2In the work now in progress in our laboratory, attention will be paid to the 
following points. In case of colors, care will be taken to use lights of a small range of 
wave-length. The intensities of the lights used will be specified photometrically and 
radiometrically. The white light will in addition be specified either spectro-photo- 
metrically or spectro-radiometrically. For the sake of the comparisons needed in 
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A satisfactory method of photometry should combine the 
following features. (1) It should enable us to detect small 
differences in luminosity and to reproduce our results for a 
given observer with a small mean variation and for a number 
of observers with a comparatively small mean variation. 
That is, the method should possess an adequate degree of 
sensitivity. (2) It should be known either to possess of itself 
logical sureness of principle, or its results must in the average 
agree with those of some method which can be shown to 
possess this sureness of principle. Methods having these 
features have been developed for the photometry of colorless 
light. The problem of the photometry of colored light, 
however, has presented great difficulty. 


MetTHopDs OF PHOTOMETERING COLORED LIGHT. 


The methods for photometering colored light may be 
grouped under two headings: the direct methods and the in- 
direct methods. In the former class we have the method of 
direct comparison or, as it is sometimes called, the equality of 
brightness method. Of the latter class the method of flicker 
has received the greatest amount of attention and has been the 
most favored. It will be the purpose of this paper (1) briefly 
to compare the relative advantages and disadvantages of 
the method of flicker and the equality of brightness method 
with regard to sensitivity; (2) to show that the method of 
flicker, so far as it has been developed up to the present time, 
does not seem to possess of itself the sureness of principle 
needed to meet the requirements of a satisfactory method; 
and (3) to show that as yet its results have not been found 
satisfactorily to agree in the average with those of any method 
which can be shown to have this sureness of principle. Ina 
the photometric work, all determinations for lights differing in composition will be 
made at the different intensities employed with stimuli equalized photometrically. 
Comparative results will be obtained for the same observers for the best of the methods 
already in use, and three new methods will be introduced. In part, results will be 
obtained for observers who have also been employed in the work on the method of 
flicker. The work will be done for different intensities of light, and both under 
dark and light room conditions. In a survey of the work done up to the present 
time, one can not help but note that too little care has been taken to observe even 
some of the most essential of the above conditions. 
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later paper a new method of photometry will be described which 
possesses approximately as high a degree of sensitivity for color 
work as the method of flicker and gives results which agree 
much more closely in the average with those obtained by the 
equality of brightness method. The second of the above points 
will be shown as follows. It will be pointed out that at the rate 
of speed at which the impressions are given in the method of 
flicker, the eye is very much underexposed to its stimulus. It 
can reasonably be assumed that this underexposure causes a 
reduction of the intensity of the sensation, and should lead, 
therefore, to a false estimation of the brightness of the colors. 
In fact, at the rate of rotation of the exposure apparatus 
required for lights of the order of intensity employed in 
practical work, this reduction produces for the observers we 
have used an effect similar to the Purkinje phenomenon.' 
At least a deviation from the equality of brightness values 
is found in our results for such intensities which accords well 
with the Purkinje phenomenon. That is, reds and yellows 
are underestimated in brightness, and blues and greens are 
overestimated. And (b) it will be shown that flicker itself, 
the phenomenon on which the equalization at the photo- 
metric screen is based, is subject to variations depending upon 
a number of factors the effect of which has not in all cases been 
adequately studied and in some cases not even recognized. 
An investigation of one of these alone, the effect of varying 


1 We do not mean to draw too close an analogy here between the effect on the 
brightness of sensation produced by keeping the intensity of light constant and reduc- 
ing the time of exposure of the eye to the light, and the effect produced by keeping the 
time of exposure of the eye constant and reducing the intensity of the light employed 
(the Purkinje phenomenon). In attempting to interpret the effect produced by the 
short exposures used in the method of flicker, our data should be taken primarily 
from the results showing the relative rise of sensation to its maximum for white light 
and lights of the different colors. (See discussion of the development time of sensa- 
tion, pp. 118-130). It is quite possible and in fact quite probable from Broca and 
Sulzer’s results, for example, that for a part of the upward course blue and green 
rise faster than red, and conversely for a part of the course red rises faster than blue 
and green. (Yellow was not used by Broca and Sulzer.) The results of Broca and 
Sulzer are cited on this point, not by any means because their method of making 
the determination is the freest from criticism of any that have yet been used, but 
because they alone have attempted to plot the comparative curves for the different 
colors and white light at different points from the threshold to the maximum. 
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the ratio of the time of exposure of the eye to the lights to be 
compared, is enough to lead one seriously to question whether 
the method of flicker can be safely used in the work of hetero- 
chromatic photometry, at least not without calibration, and 
perhaps not without an amount of calibration which is in 
itself prohibitive of the use of the method in practical work. 
The third point will be covered in the following way. (1) It 
will be pointed out that the only method that has thus far 
been used as a standard with which to compare the method 
of flicker has been the equality of brightness method. The 
selection of this method as a standard has been recommended 
among others by Whitman, Wilde, and Schenck, and a com- 
parison of the results of the two methods, more or less com- 
plete, has been made by a number of experimenters. And (2) 
it will be shown both from our own work and from a very great 
preponderance of the work done by others who have made the 
comparison, that the results by the method of flicker do not 
agree in the average with those obtained by the equality of 
brightness method; and, therefore, that justification for the 
adoption of the method of flicker can not yet, at least, be 
fairly claimed through its agreement in result with the 
equality of brightness method. 

The Equality of Brightness Method.—With regard to sensi- 
tivity in the photometry of lights of different color, the 
equality of brightness method has the following disadvan- 
tages. (1) Small differences in luminosity can not be de- 
tected because the actual difference present is masked by 
the difference in color quality. (2) Results for a given 
observer can not be reproduced within a small limit of 
variation, because the ability to do this in turn presupposes 
the ability to detect small differences which, as has just been 
stated, can not be done. (3) Results can not be reproduced 
from observer to observer within a small limit of variation 
because (a) the sensitivity to color varies more among ob- 
servers than does, for example, the sensitivity to brightness, 
hence there is a variable amount of the disturbing factor of 
color present for different observers; and (b) because the 
standard or pattern for the judgment of equality differs 
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more from individual to individual when the factor of color is 
present than when it is not. That is, in any photometric 
judgment the observer must decide for himself what he will 
call equality and make all his judgments conform to this 
pattern or standard. When color is present to interfere with 
the judgment of equality, the selection of this standard varies 
more for different observers than it does when no color is 
present. With regard to all the points on which sensitivity 
depends, therefore, the equality of brightness method may 
be said to possess a low degree of sensitivity. 

The Method of Flicker—The method of flicker possesses 
greater sensitivity than the equality of brightness method. 
That is, smaller differences in the luminosity of the photo- 
metric surfaces can be detected, and the judgment of equality 
is surer and more reproducible.!. This is because the disturb- 
ing factor of color difference in the impressions to be compared 
is eliminated from the judgment. That is, instead of being 
given simultaneously, the stimuli are given in succession and 
at such a rate that all color differences between them disap- 
pear, and the brightness impressions are permitted to develop 
in sensation unobscured by differences in color quality. 

The use of the phenomenon of flicker to detect a difference 
in brightness between two illuminated surfaces can best be 
understood possibly by considering the phenomena that take 
place when successive impressions of colored and colorless 
light are made upon the retina at different rates of speed. 
When the retina is exposed successively to colorless lights 
differing in brightness, the following phenomena take place. 
When the rate of succession is low, the impressions remain 


1 This higher degree of reproducibility can be claimed perhaps only for the judg- 
ments given by a single observer. It does not seem to obtain to any considerable 
extent, so far as results are available for comparison, when results are compared from 
observer to observer. For example, in a group of eighteen observers Ives gets differences 
as great as 159 per cent. for .481 uw, 114 per cent. for .498 uw, 26 per cent. for .518 wu. 
18 per cent. for .537 4; 13 per cent. for .556 4; 10 per cent. for .576 uw; 28 per cent. for 
-595 um, 65 per cent. for .615 uw; 86 per cent. for .635 u; and 122 per cent. for .655 u. 
The percentage of average variation from the mean for these observers is 17 per cent 
for .481 4; 13.4 per cent. for .498 uw; 6 per cent. for .518 u; 3 per cent. for .537 4; 2.75 
per cent. for .556 u; 2.2 per cent. for .576 u; 5.4 per cent. for .595 u; 9.5 per cent. for 
-615 mu; 13.2 per cent. for .635 u; and 19.3 per cent. for .655 4. (Philos. Mag., 1912, 


24, Ser. 6, pp. 853-863.) 














116 C. E. FERREE AND GERTRUDE RAND 








more or less separate and distinct. At rates higher than this, 
we have in order Fechner’s colors,! flicker, and the fusion of 
the two impressions into a uniform gray. When the eye is 
exposed successively to colored and colorless light, the follow- 
ing phenomena take place. At low rates, we have again the 
more or less separate successions of the two impressions. At 
rates slightly higher than this, we have first a phenomenon 
that may be called by analogy color flicker, and then an inter- 
mingling of color and brightness flicker. At still higher rates 
we have color fusion, brightness flicker, and complete color 
and brightness fusion. Thus, both in case of colored and 
colorless light, brightness flicker seems to be a phenomenon 
due solely to the succession at certain rates of speed of im- 
pressions differing in luminosity or brightness. Moreover, | 
the phenomenon is very sensitive to changes in the luminosity 
of the successive impressions. That is, a very slight change 
in one of the impressions will produce flicker when there is no 
flicker, or will cause a noticeable change in its amount when 
there is flicker. Flicker thus becomes a very sensitive means 
of detecting brightness difference. This sensitivity, however, 
is not so great in case of colored as it is in case of colorless 
light. It would in fact in all probability be very low were it 
not for the fortunate fact that color fusion takes place at a 
very much lower rate of succession than brightness fusion. 
Concerning the ease and sureness of making the judgment, ‘ 
then, the case with regard to the method of flicker may be 
summed up as follows: By giving the impressions to be 
compared to the retina successively at a certain rate of speed, 1 
the disturbing element of color difference, which so interferes ; 
with the detection of brightness difference when the im- 
pressions are given simultaneously, is eliminated, and the 
phenomenon of brightness flicker stands out clearly in a field 
uniform as to color quality. That is, by using a method of 
successive impressions we have succeeded in eliminating the 
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1 Fechner’s colors are best observed when the successions are made by rotating { 
discs made up of white and black sectors, or by discs specially constructed for the j 
purpose. This phenomenon occurs at a rate of speed near the upper limit required 
to give separate impressions, and consists of impressions of color mingled with the : 
more or less separate impressions given by the white and black sectors. i 
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feature that renders the comparison of the brightness of the 
simultaneous impressions so difficult to make, namely, the 
difference in color quality between the impressions to be 
compared. The judgment, then, is easy, and the principle 
on which the equalization is based seems to be clear. The 
method has come to have many supporters, but other things 
besides the sureness of judgment must be taken into account. 
This brings us to a consideration of our second point, namely, 
the method of flicker when applied to the photometry of 
lights of different color does not seem to possess the sureness 
of principle needed to meet the requirements of a satisfactory 
method. We have two reasons for making this assertion. 
In the first place, as we have already stated, at the rate of 
speed at which the impressions are given in the method of 
flicker, the eye is very much underexposed to its stimulus. 
And in the second place, flicker, the phenomenon on which 
the equalization is based at the photometric surface, is subject 
to many variations depending upon a number of factors the 
bearing of which on the application of the phenomenon to 
photometry, has not in all cases been adequately studied, and 
in some cases not even recognized. <A few of these may be 
suggested in passing. (1) The intensity of illumination and 
the influence it exerts on the speed of alternation that has to be 
used in order to give the method maximum sensitivity. 
(2) The different rates of speed required for the fusion of the 
different colors, and the varying lower limit this difference 
puts upon the rates of speed that can be used. (3) The effect 
of the saturation of the colors used on the fusion rate. (4) 
The effect of field size. (5) The effect of the ratio of the time 
of exposure of the eye to the lights to be compared; etc. A 
better knowledge than we now have of the effect of these 
factors is, the writers believe, of fundamental importance in 
the employment of the phenomenon of flicker in the photom- 
etry of lights of different colors. Ata later date they hope 
to report the results of a systematic study of these factors. 
In the present paper, the effect of only one of them will be 
considered, namely, the ratio of the time of exposure of the 
eye to the lights to be compared. An investigation of this 
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point alone is enough to lead one seriously to question whether 
the method of flicker can safely be used in the work of hetero- 
chromatic photometry, at least not without calibration, and 
perhaps not without an amount of calibration which is in 
itself prohibitive of the use of the method in practical work. 


Tue Action oF LIGHT ON THE EYE UNDER THE CONDITIONS 
IMPOSED BY THE METHOD OF FLICKER. 


Both of the above points will probably be more easily 
understood if a brief consideration is given to the way the 
eye responds to colored and colorless lights when the im- 
pressions are given to it in the manner they are given in 
the method of flicker. The eye is not an ideal sense organ, 
that is, it does not respond at once with its full intensity of 
sensation at the beginning of stimulation, nor does the sensa- 
tion cease with the cessation of stimulation. It takes, for 
example, an interval of time for the sensation proper to a 
given stimulus to rise to its maximum; and also an interval 
to die away after the stimulation has ceased, depending for 
its length upon several factors.! 

The interval of time required for a sensation to rise to its 
maximum will be called in this paper the development time of 
sensation. Plateau in 1834? first expressed the belief that 


1There are two phases to this after-effect, positive and negative. The positive 
alone concerns us here. In this phase, which is often called the persistence of vision, 
the original sensation tends to persist in its original color and brightness. More 
accurately described, however, it rapidly loses in color and rapidly darkens. In the 
negative phase there is a brightness reversal, that is, what is light in the original 
sensation becomes dark, and the color changes to the complementary color. The 
negative phase is much longer than the positive. The length of the positive depends 
upon many factors: the intensity of the stimulus, the time of exposure of the eye 
to the stimulus, the state of adaptation of the eye, the general illumination of 
the field of vision, the brightness of the local preéxposure and post-exposure, etc. 
Unless the eye is put under very especial conditions of stimulation, the duration of the 
positive phase is very short indeed, in fact, momentary. For a further discussion of 
this point with reference to the method of flicker, see appendix. 

2 As early as the time of Bacon it was noted that there is a period of inertia in 
vision. (“At in visu (cujus actio est pernicissima) liquet etiam requiri ad eum 
actuandum momenta certa temporis: idque probatur ex iis, quae propter motus 
velocitatem non cernunter; ut ex latione pilae ex sclopeto. Velocior enim est praeter- 
volatio pilae, quam impressio speciei ejus quae deferri poterat ad visum.”—‘ Novum 
Organum,’ lib. II., Aph. XLVI.). Later Beudant (‘Essai d’un Cours Elementaire 
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color sensation does not come at once to its maximum. He, 
and later Fick! in 1863, showed that when a sector of white 
paper passes very rapidly only once before the eye it looks 
to be a dark gray. With the experiments of Exner in 1868, 
the work of determining the development time of visual 
sensation was definitely begun. Different methods of making 
the determination have been used by different investigators, 
and different results have been obtained. There is, however, 
among the different results a certain amount of agreement. 
At least the order of magnitude of the development time can 
be fixed within certain limits. The chief points of interest 
in these investigations have been (1) to compare the develop- 
ment time of the different sensations of color with each other 
and with that of colorless sensation; and (2) to determine 
whether the intensity of the stimulus has any effect upon 
the development time. All who have made the comparison 
have found that each of the color sensations has a development 
time different from the colorless sensations; all with the excep- 
tion of Diirr and Berliner, that each of the colors has a different 
development time; and all with the exception of Dirr, that an 
increase of intensity shortens to some extent the development 
time of all sensations. 

A table (Table I.) has been prepared showing the develop- 
ment time obtained by each of these men for the different 
et General des Sciences Physique: Partie Physique,’ p. 489, 3me edition) also stated 
that an object which moves with extreme rapidity before the eye is not perceived 
because impressions are not made on the eye instantly. Plateau (“ Nouveaux Memoirs 
de l’Academie Royale des Sciences et Belles Lettres de Bruxelles,’ 1834, 8, p. 53) 
made the observation that when a bit of white paper passes very rapidly before the 
eye, it appears not white but gray. He was the first to express the belief that color 
sensation also does not come at once to its maximum of intensity. Swan (Trans. 
Roy. Soc. Edinb., 1849, 16, pp. 581-603) observed that the “light of the sky seen 
immediately over a ball in its descent through the air, seemed less bright than at those 
parts of the retina where the action of light had not been interrupted by the passage 
of the dark body”; and conducted some experiments to determine the intensity of 
light sensation with short exposures. Exposing the eye to lights of different intensities 
for intervals ranging from 1/100 to 1/16 of a second, colorless ‘lights of different 
intensity produce like portions of their total effect on the eye in equal times.’ While 
he does not directly determine the interval required for the light sensation to come to 
its maximum, he estimates it from the results of his experiments with short exposures 


to be about 1/10 of a second. 
1Fick, A. Archiv fiir Anatomie und Physiologie, 1863, p. 739. 
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TABLeE I 


SHowInG A CoMPARISON OF THE DEVELOPMENT TIME OF VISUAL SENSATION WITH 
THE AVERAGE TIME OF ExposuRE OF THE EyYE To Its StrmuLus USED IN OUR 
EXPERIMENTS WITH THE METHOD OF FLICKER. 








Average Time of 
Sensation Development Time Exposure of Color by 

















Method of Flicker 
Exner!.........| 1868 | White 5 intensities: .0178 sec., when 
-118-2.87 sec. the value of the 
colored sector was 
180°. 
Kunkel?........} 1874 | Different colors .057-.133 
Charpentiers....| 1887 | White, 5 intensities 
.O14-.049 
re 1896 | White, 5 intensities 
.090-.148 
ee 1902 |White, 2 intensities: 
.266 
Different colors 541 
Martius*....... 1902 | White 6 intensities: .0213 sec., when 
.013-.093 the value of the 
| colored sector ran- 
ged from 45°-315°. 
| Different colors .020—.090 
Broca and Sulzer’} 1903 | White 8 intensities: 
.031-.125 
| Different colors 07 —.125 
McDougall.8....} 1904 | White 12 intensities: 
.049-.2 
Different colors -100-.108 
Bichner*....... 1906 | White 3 intensities: 
.033-.230 
Berliner ...... 1907 | Different colors .130 











1Exner, S., ‘Ueber die zu einer Gesichtswahrnehmung nothige Zeit.,’ Sitzungs- 
berichte der Kaitserlichen Akademie der Wissenschaften, Math.-Phys. Classe, 1868, 


58, pp. 601-632. 
2 Kunkel, A., ‘Ueber die Abhangigkeit der Farbenempfindung von der Zeit,’ 


Pfliiger’s Archiv, 1874, 9, p. 197. 

3 Charpentier, ‘Sur la periode d’addition des impressions illuminismes,’ Comptes 
Rendus Societé de Biologie, 1887, 4, pp. 192-194. 

4 Lough, ‘The Relations of Intensity to Duration of Stimulation in Our Sensations 
of Light,’ PsycnotocicaL Review, 1896, 3, pp. 484-492. 

5 Dirr, E., ‘Ueber das Ansteigen der Netzhauterregung,’ Philosophische Studien, 
1901-1903, 18, pp. 215-273. 

6 Martius, G., ‘Ueber die Dauer der Lichtempfindungen,’ Bettrage zur Psychologie 
und Philosophie, Leipzig, 1902, 1, Heft 3. 

7 Broca, A., and Sulzer, D., Comptes Rendus der Séances de l Académie des Sciences, 
1902, 134, pp. 831-834; 1903, 137, Pp. 944-946; 977-979; and 1046-1049. 

8 McDougall, W., ‘The Variation of the Intensity of Visual Sensation with the 
Duration of the Stimulus,’ British Journal of Psychology, 1904-1905, 1, pp. 151-189. 

® Biichner, M., ‘Ueber das Ansteigen der Helligkeitserregung,’ Psychologische 


Studien, 1906-1907, 2, pp. 1-29. 
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colored and colorless sensations; and, for comparative pur- 
poses, the average exposure time that was used in our experi- 
ments for all the colors in the determination of their bright- 
ness by the method of flicker. In choosing this time of ex- 
posure for the method of flicker, in order to secure for the 
method the greatest possible sensitivity, we used the slowest 
rate of succession of colored and colorless sectors that could 
be employed. 

An inspection of this table will show that while the results 
for the development time of sensation differ quite a little 
among themselves, they agree in one very important partic- 
ular, namely, they are all much greater than are the intervals 
that are used in the longest exposures that are permissible 
by the method of flicker. That is, by the method of flicker, 
the eye is very much underexposed to its stimulus. The 
effect of this under exposure is obviously to cause a reduction 
in the intensity of sensation. That is, the rate of succession 
of impressions used in the method of flicker is too fast for the 
single impressions to arouse their maximum effect in sensa- 
tion and too slow for the successive impressions to add or 
summate as much as they would need to do to cause the in- 
tensity of the sensation aroused by each light to rise to its 
full value, or perhaps even to rise to a higher value than 
would be given by the individual exposures. In fact as will 
be shown in an appendix to this paper the sensation can 
not be expected to rise to its full value through summa- 
tion if the Talbot-Plateau law be true, however rapid is 
the rate of succession of the individual impressions (see ap- 
pendix). Even when a rate is reached at which complete 
fusion takes place, both for the color and brightness com- 
ponents in sensation, there is according to the Talbot- 


10 Berliner, ‘Der Ansteig der reinen Farbenerregung im Sehorgan,’ Psychologische 
Studien, 1907, 3, pp. 91-155. 

W. Swan in an article entitled ‘On the Gradual Production of Luminous Impres- 
sions on the Eye; Part II., being a description of an instrument for producing isolated 
luminous impressions on the eye of extremely short duration, and for measuring their 
intensity,’ Trans. Roy. Soc. Edinb., 1861, 2, pp. 33-40, has described a very ingenious 
but complicated apparatus for getting short periods of stimulation of the retina, but 
apparently neither he nor any one else has ever used the apparatus described. 
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Plateau law, a reduction in the intensity of each sensation 
which is the same as would be gotten were the intensity of 
each light to be reduced in proportion to the time of ex- 
posure of that light to the total time of exposure of both 
lights, and no further increase in the rate of succession pro- 
duces any change in the effect.1 The possibility then of the 
sensations which, as is shown by the work on development 
times, are unequal for the single exposures used in the 
method of flicker, reaching equality by rising to their full 
value seems to be ruled out. In terms of the Talbot-Plateau 
law they could not reach their full intensity through an effect 
of summation, however fast the rate of succession be made, 


1 Ewald (“Versuche zur Analyse der Licht- und Farbenreaktionen eines Wirbel- 
losen ” (Daphnia pulex), Ztschr. f. Psychol. u. Physiol. d. Sinnes., 1914, 48, pp. 285-325; 
and “The Applicability of the Photochemical Energy Law to Light Reactions in 
Animals,” Science, 1913, 38, pp. 236-238) has made an interesting contribution with 
regard to the effect of the intermittent action of light on the eye which it may not be 
out of place to mention here. The facetted eye of the daphnia was used in his experi- 
ments. When exposed to light this eye responds by turning towards the light, and 
when lights of different intensities are used it turns towards the stronger light. After 
having determined the sensitivity of this response to difference in intensity of light by 
exposing the eye to a number of lights of different intensities acting continuously on 
the eye, he undertook to make a comparison of the effect of light acting continuously 
and intermittently. The intermittence was gotten by rotating a sectored disc in front 
of one of the lights. The lights were so chosen that the same amount of energy acted 
upon the eye in a given unit of time from both the continuous and intermittent sources. 
That is if a ratio of total open to closed sector of the value 1/10 was used, the light in 
front of which these sectors were rotated was made ten times as intense as the light 
acting continuously. The sectored disc was then rotated at different speeds. When 
a speed of 30 revolutions per second was attained the eye remained stationary. That 
is at this speed of rotation the two lights produced equal effects on the eye,—which is, 
of course, no more than a demonstration of the Talbot-Plateau law for the primitive 
eye. But when the speed was made slower than this, the eye invariably turned towards 
the light which was acting continuously. That is when the rate at which the im- 
pressions were given to the eye was made slower the result was to weaken the effect 
on the eye even though the same amount of light was received by the eye in a unit of 
time in both cases. Ewald’s results show then that, so far as the primitive eye is 
concerned, when light impressions are given to the eye at certain high rates of succession 
(analogous to the fusion rates for the human eye) there is a reduction in the amount of 
response aroused which is the same as would be produced were the intensity of the 
light reduced by an amount proportional to the ratio of the time of exposure to the 
light to the total time of the observation; and when they are given to the eye at rates 
slower than these the effect on the eye is the same as if the light acting on it had been 
still further reduced in intensity. 
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let alone attain it at the rates which are employed in the 


method of flicker.! 

1 There seems to be only one other possibility that the method of flicker should 
give the true photometric balance between lights of different color values, namely, that 
the sensations aroused should reach equality at some value lower than the full value. 
That this is extremely improbable is shown by the following consideration. The 
weaker sensation or the sensation which has the slower rate of development for a single 
exposure would have to rise in value because of summation effect resulting from the 
succession of exposures until it became equal to the stronger sensation. ‘To produce 
any effect of summation each individual impression would have to last over in sensation 
until the next impression of its kind is received which, since the impressions alternate, 
would be the next impression but one. And to produce the particular effect required 
here, not only would each excitation have to last over until the next one is aroused, but 
the weaker one would have to last over more strongly than the stronger one, else the 
effect of the summation would not be to produce the gain of the weaker on the stronger 
which is required to bring the two to the true photometric balance. That is, the 
advocate of this point of view would say that even though for the single exposure one 
color is weighted more than the other, the effect of this is obliterated in a succession of 
impressions and the two rise to equal value, because the weaker sensation would carry 
over more strongly hence would gain more relatively in the process of summating than 
would the stronger sensation. This is not at all in accord with the experimental evi- 
dence available at this time on the relation of the positive after-effect or persistence of 
sensation to the original sensation. Goldschmidt (‘“‘Quantitive Untersuchungen tiber 
positive Nachbilder,” Psych. Studien, 1910, 6, pp. 159-252) and others show, for ex- 
ample, that the stronger the original sensation, the more strongly does it tend to 
carry over after the light is cut off. Goldschmidt also concludes from his experiments, 
which is a very important point for this discussion, that the tendency of the sensation 
to carry over is, so far as its brightness is concerned, independent of the color. That 
is, suppose that a photometric balance was obtained for green and red lights of com- 
paratively high intensities by the method of flicker. Then according to Broca and 
Sulzer’s curves, also the results obtained in this laboratory, green would attain to a 
higher brightness value for the single exposure than would be attained by red. Hence if 
green is not to be overestimated by the method of flicker, red must carry over more 
strongly as the impressions succeed each other than does green, and thus make up by 
a summation effect the deficiency shown in the single exposure. But according to 
Goldschmidt’s results this greater tendency to carry over could not be assumed for 
red, either because of its color value or because of its weaker intensity, and there is 
no other aspect of the sensation which could have any bearing on the question in hand. 
Moreover, this hypothesis is rendered still more untenable by the experimental fact 
that the situation at low intensities is reversed. That is, at low intensities red, as 
shown by the curves for difference in lag (see Fig. 2, p. 127), attains to a higher 
value than green for the single exposure. Then if red is not to be overestimated 
by the method of flicker and in direct proportion to the values given to the two sensa- 
tions in the single exposure, green must be carried over more strongly in the succession 
of impressions than is red. The explanation of both of these points would require 
not only that the color value of the stimulus exerts an influence on the carrying over 
of the brightness aspect of the sensation, but that this influence reverses in passing 
from high to low intensities. For a discussion of how highly improbable it is for the 
rates of succession used in the method of flicker that one impression could last over 
until the next impression but one is received in any amount that could be of con- 
siderable consequence to the method, see appendix. 
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It seems fair to conclude, then, that instead of getting by 
the method of flicker the sensations that should be aroused by 
the lights with which we are working, we get sensations of lower 
intensity. But it may be asked what if there is a reduction of 
the intensity of the impressions received? Equalization is all 
we are working for and the intensity of both impressions is 
reduced. Is it not possible, therefore, to find a ratio of time of 
exposure to each light such that the amount of reduction in 
the intensity of both impressions will be equal? This would be 
comparatively simple if the rate of development for all the 
colored were the same as for all the colorless sensations. The 
intervals of exposure could be made equal as is ordinarily done 
when sectored discs are used and as apparently must be done 
when the exposures are given by means of a rotating prism. 
But the development time for color sensation is not the same 
as for colorless sensation, and, moreover, the consensus of evi- 
dence is that the rate of development is not the same for any 
two of the color sensations. Thus from the standpoint of the 
unequal reduction in intensities produced by the method of 
flicker, the task of selecting a proper ratio of exposure time of 
colored to colorless light, in case of the different colors, is one 
that requires a great deal of accurate knowledge if the method 
is to have the sureness of principle needed,—more, the writers 
think, than we now possess.! 

1QOne scarcely needs point out in this regard that there is apparently no point 
in the intensity scale for which a given reduction in intensity for colored light gives 
the same change in luminosity in sensation that it does for white light. Beginning 
with the spectrum of fully saturated colors and comparing the effect of reduction by 
equal amounts of colored and white lights equal in photometric value, the blues and 
greens are found not to decrease in luminosity so fast as the white light, and the reds 
and yellows are found to decrease faster. Or as the phenomenon is ordinarily ex- 
pressed, there is a relative lightening of the blues and greens and a relative darkening 
of the reds and yellows. Nor is the phenomenon of unequal change confined to the 
lower intensities. It is more striking for these intensities, but it occurs also for the 
higher intensities. This conclusion is drawn from the statement made by several 
writers that beginning with the spectrum of fully saturated colors and increasing the 
intensity of light, all the colors are found to tend towards white, and in so doing to 
change their luminosities at different rates. (For example, see Helmholtz, H., ‘Ueber 
Hrn. D. Brewster’s neue Analyse des Sonnenlichts,’ Pogg. Ann., 1852, 86, p. 520; also 
Handbuch der physiologischen Optik, zw. Aufl., 1896, pp. 465-466; Chodin, A., ‘Ueber 
die Abhangigkeit der Farrbenempfindungen von der Lichtstarke,’ Sammlung physio- 
logischer Abhandlungen von Preyer, 1877, 1, p. 33 ff.; Briicke, E., ‘Ueber einige 
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We have discussed here, moreover, the effect of underex- 
posure at only one rate of rotation of the exposure apparatus. 
The situation becomes still more complicated when this rate 
is changed. If it were changed, as it must be to preserve the 
sensitivity of the method in passing from high to low illu- 
mination, the whole scale of magnitude of the underexposure 
would change, and a shift in the relative evaluation of the 
luminosities of the different colors might very well be ex- 
pected from the shape of the sensation curves as they rise to 
their maximum. In fact this shift is found in the work of 
previous investigators! who have made the comparison at 


Empfindungen im Gebiete der Sehnerven,’ Sitzungsber. der Wiener Akademie, Math.- 
Natur. Klasse, 1878, 77, Abth. 3, p. 63.) As we have already stated, however (p. 113), 
we do not mean to draw too close an analogy here between the effect on the bright- 
ness of sensation produced by keeping the intensity of light constant and reducing 
the time of exposure of the eye to the light, and the effect of keeping the time of 
exposure of the eye to the light constant and reducing the intensity. The degree to 
which the analogy holds can scarcely be considered as fixed until more work is done 
showing the way in which the luminosity curves for the different colors rise to their 
maximum as the time of exposure of the eye to the different colored lights is increased. 

1 See, for example, the phenomenon called by Ives the “reverse Purkinje” effect 
(Philos. Mag., 1912, 24, Ser. 6, pp. 170-173); later demonstrated and discussed by 
Luckiesch (Electrical World, March 22, 1913, p. 620). These writers have found that 
the red end of the spectrum shows a relatively higher luminosity value as compared 
with the green end by the method of flicker at low than at high illuminations. From 
the shape of Broca and Sulzer’s curves for the rise of visual sensation, to its maximum, 
for example, this result might very well be due to the difference in the relative lumin- 
osity value of the colors caused by the difference in the length of exposure given to the 
eye in the method of flicker at the faster rates of speed required for the higher illumina- 
tions and at the slower rates for lower illuminations. That is, the longer exposures 
given by the slower speeds of rotation allow the colors to attain a higher intensity. 
For example, the speeds used by Ives for what he calls 10 Illumination Units range, 
for the different colors for five observers, from 7 to 10 cycles per second, and for 250 
Illumination Units from 10 to 22 cycles per second. 

Broca and Sulzer’s curves (Fig. 1) are appended here for one order of intensity 
of stimulus (Comptes Rendus, 1903, 137, p. 978. For other intensities see p. 945). 
The curves given were selected because they alone show a comparison between the 
results for colored and white light. It will be seen from these curves that for exposures 
less than .07 sec. (approximate value), blue and green rise to a higher value than red; 
for exposures ranging from .07 to .11 sec., blue rises to a higher value than red, and 
red higher than green; and for exposures ranging from .11 sec. to about .25 sec., red 
rises to a higher value than blue or green. 

There is also a very strong probability that the relative lag in sensation for the 
different wave-lengths is not the same for lights of low intensity as for lights of higher 
intensities. In fact the results that have been obtained so far in this laboratory in 
determining the development time of the sensations aroused by red, yellow, green, and 
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intensities low enough to necessitate a decided reduction in 
speed of rotation. And that the shift is different from the 
normal effect on the brightness of the colors produced by a 
decrease of illumination, is shown by the fact that according 
to the results of these investigators it is in a different direction 
from that given by the equality of brightness method. 
Moreover, in the later paper it will be shown that a change in 
this evaluation amounting to several times the smallest dif- 
ference in luminosity that can be detected by the method, is 
also produced by working the reverse variation, that is, by 
keeping the rate of rotation constant and changing the ratio 
of value of colored to colorless sector. It is difficult, there- 
fore, to avoid the conclusion that the type of exposure used in 
the method of flicker is an important factor in the cause of its 
disagreement with the results obtained by other methods. 











blue lights of spectrum purity show that at low intensities red and yellow rise more 
rapidly in photometric value than green and blue. This result is quite marked in those 
parts of the curves representing an exposure time of the same order of magnitude as 
is used in the method of flicker. In order to show this point we have appended here 
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three curves representing the relative rates of development of red, yellow, green, and 
blue at intensities which we will designate for the present as low and intermediate; and 
of red, yellow, and green for a higher intensity. These determinations were made by 
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Reéxamining the case, then, with regard to the underex- 
posure of the eye by the method of flicker, we find that the 
short exposure times necessary to the method cause a re- 


M. A. Bills of this laboratory. Later, results will be given for red, green, blue, and 
yellow at a number of intensities, and specifications will be made of the intensities 
employed in both photometric and radiometric units. The colored lights used in 
determining the curves given below were obtained from a spectrum of good definition 
and were in each case equal in photometric value, as they should be if results are to be 
used in interpreting the action of light on the eye under the conditions imposed by the 
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method of flicker when the photometric balance is attained. In constructing these 
curves time of exposure is plotted along the abscissa and brightness of color along the 
ordinate. The curves in Fig. 2 are for the low intensity; in Fig. 3 for the intermediate 
intensity; and in Fig. 4 for the higher intensity. 

It is very probable that there is considerable individual difference in the amount 
and distribution of lag. A rigid test of the correspondence of difference in lag to the 
direction of deviation of results gotten by the method of flicker from those obtained by 
the equality of brightness method would require that the photometric determinations 
and the determination of lag should be made for a given quality and intensity of light 
by the same observer. 

If it should be found that there is an individual difference in the amount and dis- 
tribution of lag, the result would supplement very nicely the explanation why a much 
higher degree of reproducibility is gotten by the method of flicker than by the method 
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duction in the action of the standard and comparison lights 
on the eye. If this reduction were equal in amount, quite 
enough difficulty would be encountered. But it is not 


of equality of brightness only when the results of a single observer are considered (see 
footnote, p. 115). That is since the factor of color difference which so disturbs the 
judgment in the equality of brightness method is eliminated in the method of flicker, 
we should get correspondingly a higher degree of reproducibility for a single observer 
and for different observers, were there not some factor present in the method of flicker 
and not in the equality of brightness method, which varies from individual to individual. 
So supplemented the explanation would be as follows. In the method of flicker the 
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judgment for a single observer shows a higher degree of reproducibility than in the 
equality of brightness method because of the elimination of the disturbing factor o 
color difference; but a false balance is established by the method, the deviation from 
the true balance depending in direction and amount for different observers upon the 
difference in the amount and distribution of lag in the rise of the sensations towards the 
maximum. The difference in the amount and direction of this deviation from the true 
balance from observer to observer is the cause of the relatively low degree of reproduci- 
bility of results when the work of different observers is compared. 
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equal in amount, and we have no adequate information as to 
the amount of the inequality. Until we have more informa- 
tion with regard to the amount of the reduction and the 
effect it produces, any successful attempt to regulate the 
relative duration of the exposure to colored and colorless light, 
even for a single color at a single intensity, can scarcely be 
more than the result of chance.’ Surely to expect to accom- ; 
plish this for all intensities of all colors by a single ratio of 
exposure, more especially by means of a 1:1 ratio, as has been 
the practice in the past, is, it would seem to the writers, to 
ignore the sensation principles which underlie the method. 
Obviously this ratio requires calibration, and to give the 
method the sureness of principle required, it would seem that 
the calibration might have to be made for each color at the 
particular intensity at which the work is to be done. This 
calibration might possibly be accomplished by means of an 
accurate knowledge, if that knowledge could be secured in 
sufficient detail, of the temporal course of visual sensation as 
it rises to its maximum for the given intensity of light used; or 
it might be done by comparing the results obtained by the 
method of flicker with the results obtained by some other 
method adopted as a standard. So far the tendency seems 
to have been to look for this standard within the subject of 
photometry itself. As has already been stated, several 
writers have signified a desire to make the equality of bright- 
ness method a standard, and comparisons have been made of 
the results obtained by the method of flicker and the equality 
of brightness method. 
A consideration of the results of these comparisons together 
with the data collected by one of the writers in ten years use of 
the flicker and equality of brightness methods in making the 
brightness matches needed for the work in color sensitivity, has 
influenced us to open the question anew in the interests of 
the work on color sensitivity. In the work with these two 
methods all done at comparatively high illuminations and 
with a large number of observers, agreement has been rare. 
For this reason the chief incentive to make the present study 
has not been to establish disagreement, but to investigate 
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further the causes of disagreement. The results of this study 
seem to indicate that the type of exposure of the eye to its 
stimulus by the method of flicker is an important cause of 
disagreement. 

So much for the theoretical considerations relating to the 
method of flicker. To test the accuracy of some of the more 
important points that have come up, a plan of experimentation 
has been formulated and in part carried out. So far as the 
results of that experimentation will be reported upon in this 
paper, the following things will be shown. (1) By comparing 
the time required for the sensations aroused by colored and 
colorless light to reach their maximum of intensity, we have 
already shown that as a general case the eye is very much 
underexposed to its stimulus by the method of flicker, and 
we have concluded that the effect of this underexposure 
on the brightness component of sensation will be unequal 
in amount for colored and colorless light, and should lead, 
therefore, to a false estimation of the brightness of the 
colors. That this conclusion is justified so far as our work is 
concerned, will be demonstrated in part by comparing the 
results of the method of flicker with those obtained by the 
equality of brightness method, in which case the eye is fully 
exposed to its stimulus, and showing that for the method of 
flicker there is for our observers for the intensities of light 
used and for the rate of rotation of the photometer head 
required for these intensities, a characteristic underestimation 
of the brightness of red and yellow and overestimation of the 
brightness of blue and green. That this characteristic devia- 
tion is due to the type of exposure used in the method of 
flicker and not to some other factor will be further shown in 
the consideration of our second point. (2) We have said 
that the ratio of the time of exposure should be considered 
as a factor influencing the results obtained by the method of 
flicker. In order to confirm this judgment of the case, we 
have varied this ratio, keeping the other conditions constant, 
and have found that a corresponding variation is produced 
in the results. That is, by changing the value of the colored 
and colorless sectors in the rotating disc we have used to 
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regulate the time of exposure in the method of flicker, corre- 
sponding variations are obtained in the characteristic under- 
estimations of red and yellow and the overestimations of blue 
and green. These variations, it will be shown, moreover, 
are very much greater than the changes in luminosity that 
are required to be detected by the method of flicker, and are, 
therefore, worthy of being taken into account in an evaluation 
of the usefulness of the method, whatever method be adopted 
as a standard for comparison. And (3) we have contended 
that if the equality of brightness method be adopted as the 
standard for work in color photometry, the method of flicker 
does not satisfy the requirements, for it does not give results 
which agree in the average with those obtained by the equal- 
ity of brightness method. This will be shown both from 
results of our own work and from a preponderance of the 
work done by others who have made the comparison. In 
our own work the comparison has been made for a series 
of intensities which may be considered as at least fairly repre- 
sentative of the higher intensities, they being considered more 
favorable to agreement by Dr. Ives.!' Especial care has been 
taken in this series to duplicate at one point the intensity 
which Dr. Ives finds the most favorable to agreement. 

The remainder of the paper will be taken up with the 
demonstration of these three points. 


I. Tue UNDERESTIMATION OF THE LUMINOSITIES OF RED 
AND YELLOW AND THE OVERESTIMATION OF THE 
LuUMINOSITIES OF BLUE AND GREEN 


Special tables have not been prepared for this point 
because the results can readily be seen in the tables for points 
II. and III. In these tables taken collectively the comparison 
will be shown for a representative series of variations, both 
of the ratio of the time of exposure to colored and colorless 
light and of the intensity of the lights employed. In every 
case underestimation is found to be characteristic for red and 
yellow, and overestimation for blue and green. 

1Ives, H. E., ‘Studies in the Photometry of Lights of Different Colors, Philos. 
Mag., 1912, 24, Ser. 6, pp. 149-188. 
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II. Tue VARIATION OF THE RATIO OF THE TIME OF ExPOSURE 
TO THE COLORED AND CoLortess Licut CAUSES A 
CoRRESPONDING VARIATION IN THE CHARACTERISTIC 
UNDERESTIMATION OF RED AND YELLOW AND 
OVERESTIMATION OF BLUE AND GREEN 


As has already been stated, the work under this heading 
has been undertaken in part to show the preceding point, 
and in part to show that the amount of this underestimation 
and overestimation is a variable function of the ratio of the 
time of exposure to the colored and the colorless light. The 
effect of the variation was determined both when the com- 
parison was made between colored and colorless pigment 
surfaces, and between colored and colorless lights. For the 
pigment surfaces the standard red, green, blue, yellow, white, 
and black of the Hering series of papers were used. For the 
colored lights, two sources have been used: the Wratton and 
Wainwright color filters, and the light of the spectrum. 
Since the work with the spectrum as source has not yet been 
finished, results will be given at this point from the work with 
the filters. Of these filters, only the Alpha and Eta were 
used. The former transmits a band of red from the end of 
the spectrum to .65 uw, the latter, a band in the blue-green 
from .52u to .465u. These two alone were used for the 
following reasons: (1) They are fairly representative of the 
colors that show a relative change in luminosity with change 
of intensity. And (2) the yellow, green, and blue filters each 
transmits components that undergo opposite luminosity 
changes with a change of intensity of the source. That is, 
the best yellow of the series transmits also a green com- 
ponent; the best green, a yellow component; and the best 
blue transmits some of the violet. 

The photometric apparatus employed was for the sake of 
comparison made to conform very closely in its essential 
features to that described by Dr. Ives.!. The general plan 
of our apparatus is indicated in Fig. 5. It consists of a photo- 
meter bar carrying the standard white light (4), a second bar 
carrying the colored light (B), a sectored disc (C), and a 


1 Ives, H. E., op. cit., p. 161. 
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screen (D) provided with a small aperture (O) through which 
the light comes to the eye. The standard white light was 
enclosed in a black light-proof box (£), which was provided 
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in front with a circular opening 4 cm. in diameter for the trans- 
mission of the light. In passing to the sectored disc, the 
light was screened both from the observer’s eye and from the 
colored source by black screens properly placed. The light 
which was passed through the colored filters was placed in a 
similar light-proof box (Ff) provided with an opening 4 cm. 
square for the transmission of the light. Above and below 
this opening were grooves into which the color filters were 
slid. The sectored discs were made of aluminum. The edges 
of these discs were carefully bevelled and the surface was kept 
freshly covered with magnesium oxide deposited from the 
burning metal. The aperture in the screen through which 
the light passed to the observer’s eye was 3 mm. square. 
The visual angle subtended by this aperture at the observer’s 
eye at 20 cm. distance was very small. A small angle was 
needed to guard against the unequal sensitivity of the central 
and paracentral portions of the retina to flicker, and against 
the difference in their brightness sensitivity to colored and 
colorless light. A 13-candle-power Mazda lamp was used as 
source for the colorless light, and 13-cp., 52-cp., and 130-cp. 
lamps for the colored light. ‘These lamps were operated on a 
110 D.C. circuit in series with an ammeter and finely gradu- 
ated rheostat to guard against fluctuations in the current and 
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loss of efficiency in the lamps. Also fresh lamps were sub- 
stituted at the beginning of each series of observations. As 
a check on the results obtained from these lamps, several 
series of observations were made using a standardized tungsten 
lamp, street series, 16.6-cp. operated at 11.43 volts by a 
storage battery for the colorless light, and a similar lamp of 67- 
cp. operated by a storage battery at 10.35 volts for the 
source of the colored light. 

The method of making the flicker judgment was as follows: 
A preliminary determination was made of the approximate 
setting of the light which was being moved, to give equaliza- 
tion. The speed of rotation of the sectored disc was then 
reduced until flicker was obtained. The position of the light 
was again adjusted until no flicker was obtained, and so on. 
This variation in the speed of rotation of the disc and the 
position of the light was continued until the position was 
ascertained that gave no flicker for the lowest speed of rota- 
tion. The final determination of this point was made by 
moving the light in both directions until noticeable flicker was 
obtained, and taking the average of these two readings. 
The movement required to give flicker on either side of this 
average position ranged usually from 2 tog mm. depending to 
some extent upon the observer and the intensity of illumina- 
tion used. Employing the above apparatus and method, 
results were obtained for the highest intensity of colored light 
used for a total open sector of 315°, 270°, 225°, 180°, and 45°; 
and for the other intensities, for a total open sector of 315°, 
180°, and 45°. In making the comparisons by the equality 
of brightness method, the disc was rotated until one of its 
edges bisected horizontally the photometric field. The 
results are shown in Tables II.-V. They will be sum- 
marized briefly as follows: (1) For all values of open sector 
and for all intensities of light, there was an underestimation 
of the luminosity of the red light and an overestimation of the 
luminosity of the blue-green. (2) As the size of the open 
sector was decreased, there was a corresponding increase in 
the amount of the underestimation of the luminosity of the 
red for all the intensities employed, and of the overestimation 
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of the blue-green. (3) The amount of change in the photo- 
metric value of the color produced by varying the ratio of 
exposure to colored and colorless light was many times the 
smallest amount of change that can be detected by the method 
of flicker, and, therefore, must be considered of consequence 
in relation to the application of the method to practical work. 

Column 1 of these tables represents the source of white 
light; Column 2, the source of colored light; Column 3, the 
color used; Column 4, the distance of the white light from the 
disc when judgment of equality is given by equality of bright- 
ness method; Column 5, the value of the colored sector for 
the method of flicker; Column 6, the distance from the disc 
at which the white light has to be placed to give the judgment 
of no flicker; Column 7, the difference in the distance the 
white light was placed for the equality of brightness method 
and the flicker method with 180° of colored sector; Column 8, 
the change in the distance of the white light produced by 
varying the value of the colored sectors in the method of 
flicker; Column 9, the distance the white light has to be moved 
in the equality of brightness method to change the judgment 
from equality to just noticeably lighter or darker; Column Io, 
the distance the white light has to be moved in the flicker 
method to change the judgment from no flicker to just 
noticeable flicker; and Column 11, the number of revolutions 
per second of the sectored disc for the method of flicker. 

Tables IV. and V. represent the results of Tables II. and 
III. expressed in percentage of luminosity at the photometric 
screen. 

Pigment papers are still used in a great many laboratories 
for the investigation of color sensitivity, and because of their 
convenience and ease of manipulation, they probably will be 
used for many years to come for preliminary work and for a 
certain class of investigations in which only comparative 
results are wanted. In estimating the brightness or luminos- 
ity of these pigment colors, the method of flicker is now 
much more extensively used perhaps than any of the other 
methods of making brightness comparisons. For this reason 
we have considered it worth while to extend our work to the 
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TaBLe IV 


OBSERVER A 


Showing the Results in Table II. Expressed in Percentage of Luminosity 














— —_ ee ST — — —— —<—< 
| | nen | Amount of Change that 
} | Equality of | Change Can Be Detected by 
Source of | Source of . | Brightness Produced by'/— 
White Light Colored Light | Color | Method and Varying , 
| | Flicker Method | Sectors | Equality of | Flicker 
| | with 180° Brightness Method 
| | Open Sector Method SMetnac 
; 13 cp. 13 cp. 151 cm.| Red | —15 WG — 4.8% 5 % 4% 
S distant from, Blue- 
| photometric | green +12.3 + 6.3 3.7 6 
| screen 
|52 cp. 151 cm.| Red —20 |— 7.5 7 . 
| distant from, Blue- 
photometric | green +30 | +13 | 7.34 6 
screen 
130 cp. 89 cm.| Red —2I1 |— 9 7 9 
distant from} Blue- 
photometric green +19.7 i+ 7.3 | 68 7 
screen | 
16.6 cp. |67 cp. standard Red — 23.6 |— 8.3 8.7 I 
standard| lamp, 89 cm. Blue- 
lamp distant from! green +33 l+ 8.3 8.5 8 
photometric 
screen 
TaBLe V 
OsservER B 
13 cp. 52 cp. 151 cm.| Red | —30% —16% | 7.5% 1.7% 
distant from Blue- 
| photometric green | +17. +18 | 7.7 1.2 
screen 
16.6 cp. (67 cp. standard Red | —28. —124 | 6.5 1.6 
standard| lamp, 89 cm.) Blue- 
lamp distant from; green | +31.7 +24. 9 i 2 
photometric 


” screen - a ee ay, OLS eee 
investigation of the effect of varying the value of the colored 
and the colorless sectors on the brightness of the pigment colors 
as determined by the method of flicker. Of the devices 
available for applying the method to these colors, the Schenck 
apparatus was selected as best suited to our purpose. As 
colors to be investigated, the red, green, blue, and yellow of 
the Hering series of standard papers were chosen. Sectors 
of the value of 180°, 270°, and 300° were used. Values lower 
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than 180° were not used because they could not be accurately 
obtained with the type of photometer employed. ‘Two in- 
tensities of illumination were used, one of 390 foot-candles 
(vertical component) received directly under a skylight and 
diffusion sash of ground glass; the other, 5 foot-candles, the 
illumination of a room lighted by windows. Space will be 
given here only for the results for the higher illumination. 
This illumination was carefully chosen far above the range of 
intensities at which the Purkinje phenomemon occurs when 
the eye is fully exposed to its stimulus, in order to subject 
our demonstration to a rigid test. We were seeking, for 
example, to ascertain whether an intensity might not be 
found so high that the underexposure of the eye to its stimulus 
by the method of flicker would not cause an underestimation 
of the brightness of red and yellow and an overestimation of 
the brightness of blue and green.!' That these underestima- 
tions and overestimations occur at this high illumination and 
by amounts many times the smallest brightness difference that 
can be detected by the method, will be shown in Table VI. 

Column 1 of this table shows the color used; Column 2, the 
black-white value of the color estimated by the equality of 
brightness method; Column 3 gives the value of the colored 
sector; Column 4, the white-black value of the color estimated 
by the flicker method; Column 5 gives the difference in the 
result by the equality of brightness and flicker method with 
180° colored sector; Column 6 gives the change produced in 
the result by the method of flicker by varying the size of the 
colored sector; Column 7 gives the amount of change that 
can be detected by the equality of brightness method; and 
Column 8, by the flicker method. 


III. Tue Mertruop or Fiicker Does not Give RESULTS 
Wuicu AGREE IN THE AVERAGE WITH THOSE OBTAINED 
BY THE EQUALITY OF BRIGHTNESS METHOD 


Nothing will be added in this section except to make our 
comparisons at the intensity of illumination found to be most 


1 We have been careful to choose high intensities because Dr. Ives has contended 
that at high intensities the disagreement between the methods of flicker and equality 


of brightness tends to disappear. 
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TaB.ie VI 


OBSERVER 4 


Showing that the Underestimation of Red and Yellow and the Overestimation of Blue and 
Green 1s a Characteristic of the Method of Flicker for Light of the Intensity Used 
in this Work, and that the Amount of this Underestimation and Over- 
estimation 1s a Variable Function of the Ratio of the Time of 
Exposure of the Eye to the Colored and the Colorless 

















Light. 
Equality of " | | ——. 
Method” ry Sn | Difference by | | can be Detected 
Method | Equality of Ch: — by 
; a es 7 — Brightness ange Fro 
Color | l Method and by| duced by 
Flicker Method | Varying | Equal- 
White-black | Value of) White-black with 180° Sectors |. ity of | picker 
Value | en Value Colored Seetor — | Method 
| Method} 
Red | White 64° | 300° | White 58.9° —17.4° —12.3° 8° | 1.8° 
| Black 296° | | Black 301.1° 
| 270° | White 56.2° fy 
| Black 303.8° 
| 180° | White 46.6° 1.8° 
| Black 313. 4° 
Yellow White 332° 300° | White 328.3°|} —18.6° —14.9° ai - 
Black 28° | Black 31.7°| 
270° | White 321.7° 1.8° 
Black 38.3° 
| 180° | White 313.4° | 1.8° 
| Black 46.6° 
| tac 0; 
Green | White 88.5°; 300° | White 99° | +26.4° +15.9° 9° “sg 
| Black 251. 3° | Black 261° | 
| | 270° | White 105.5°| .9° 
| Black 254. > 
180° | White 114.9° 45° 
| Black 245.1°| 
Blue White 12.5°| 300° | White 14.5°} +10.7° +8.7° 6.3" | 3.2° 
| Black 347.5° | Black 345. 5° 
| 270° | White 19.1 | 1.4° 
| Black 340.9° 
180° | White 23.2° | 9° 


| Black 336.8° - 





favorable for agreement by Dr. Ives.!. The plan of the ap- 
paratus used in this work is indicated in Fig. 6. A spectro- 
scope was used to give the colored light; a 32-cp. carbon 
lamp (F) was used as the source of the colorless light. This 
lamp gave a light of the same quality as that used by Dr. Ives, 
namely, the quality of the carbon standard of 4.85 watts per 
mean spherical candle. When placed at 32.6 cm. from the 
sectored disc (D), 270 meter candles of light were reflected 


1 Ives, H. E., op. cit., p. 173. 
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from the disc. The eye piece was removed from the spectro- 
scope and a lens system was used in its place consisting of two 
lenses (4) and (B), one to render the light emerging from the 
objective slit (C) parallel, and the other to focus it on the eye 
30 cm. distant. Between the eye and the focusing lens (B) 
was interposed the sectored disc (D). Thus the light reflected 
from the sectored disc suffered no absorption in passing to the 
eye. A stimulus-opening (£) 16 mm. in diameter was placed 
in front of the disc 20 cm. from the eye. This subtended the 











Fic. 6 


same visual angle as the field size that Dr. Ives found to be 
the most favorable. A pupillary aperture I mm. square 
placed in front of the eye reduced the light reflected from the 
white disc to the intensity called by Dr. Ives 270 illumination 
units.! The colors used were a very narrow band of the 
spectrum in the region of .68 yw, .57 uw, .52 uw, and .47 yw, giving 
the four pure colors red, yellow, green, and blue. The method 
of making the comparison was as follows: The sectored 
disc was turned so that its edge bisected horizontally the 
photometric field, and the luminosity of the colored field was 
altered by changing the width of the collimator-slit until it 
equalled by the equality of brightness method the 270 illumi- 
nation units. Using this slit width, then, the disc was rotated 
and the position of the white light was adjusted until no 

1 By using a pupillary aperture 1 mm. square, Dr. Ives has reduced the light 
entering the eye by an amount which, so far as we can see, can not be determined, 
He has established an arbitrary unit which he calls an illumination unit. We can 
not, therefore, compare the intensities of light used by us in the preceding experi~ 
ments (pp. 134 ff.) with the 270 illumination units used by Dr. Ives. If one were to 


judge, however, by the apparent brightness of the disc in the two cases, he would have 
to say that the amount of light entering the eye was considerably greater for our 
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flicker was obtained. The flicker determinations were made 
with 315°, 180°, and 45° total open sector as before. The 
results are shown in Tables VII and VIII. 


TaB_eE VII 


OBSERVER 4 


Showing that the Underestimation of Red and Yellow and the Overestimation of Blue and 
Green is a Characteristic of the Method of Flicker for Lights of the Intensity Used 
in this Work, and that the Amount of this Underestimation and Over- 
estimation 1s a Variable Function of the Ratio of the Time of 
Exposure of the Eye to the Colored and the Colorless 
Light. Intensity same as was used by 




















Ives 
| Equality of Difference by| Amount of Change 
| Bughtness | Flicker Method | Equality of | | See lene 
names Brightness | Change | etected by celine, 
Wave- | —— ~| Methodand | Produced |], tions per 
length Distance of | ‘ by Flicker | by Varying | : | Gana 
8) | White Light |Value of| Distance of | “Method Sectors | Equality) Flicker 
Giving Colored | White Light with 180° of Bright-| Flicker ucker 
| Equality of | Sector Giving no Colored | | _mess | Method | Method 
| Iiumination | Flicker Sector Method | 
68 | 32.6cm. | 315° | 41.5 cm. | —11.6 cm.) —3.6cm.| 2.4m.) .5 cm.| 9.2 
180° 44.2 45 | 12 
| 45° | 45-1 | +5 | a1 
57h | 32.6 315° 37-4 — 69 | —3.4 2.8 5 ak | 9.8 
| 180° 39-5 | | -4 14 
| | 45° 40.8 | | -4 | 12 
52m | 32.6 | 315° | 23 (+136 | +49 2 | 5 | 9.7 
180° | 19 Fr | 13 
| | | | 
| 45° 18.1 | .4 11.7 
47m | 32.6 315 23 | +13.8 | +5 2.3 | 45 9.9 
| 180° | 18.8 | 4 14.1 
45° | 18 } 45 12 


higher intensities than the 270 illumination units used by Dr. Ives. ‘Thus it seems prob- 
able that most of our preceding tests were made with an intensity of light equal to or 
greater thanthatused byhim. His claim, it will be remembered, was that one of the two 
causes of disagreement between the results obtained by the methods of flicker and 
equality of brightness in preceding experiments is the low intensity of the lights used. 
(The other was the lack of proper regulation of the size of the photometric field.) 
We do not believe that either one of these factors is the fundamental cause of disagree- 
ment, as is attested in our experiments by the fact that strong disagreement remains 
when both of them have been eliminated, at least, as completely as they were eliminated 
by Dr. Ives. A consideration of the functioning of the eye under very short exposures 
to light, shows, we believe, a much more fundamental cause of disagreement, namely, 
the difference in the way in which the eye responds to light stimuli when presented 
for the lengths of time used in the two methods. 
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Taste VIII 
OssERvVER B 
684 | 32.6 315° | 41.3 —11.6 —4 3 | 8 12 
180° | 44.2 7 14 
45° | 45.3 . 13-4 
57 32.6 g1g° | $8 — 8.9 —4.3 2.9 | 9 12.5 
180° 41.5 z 14.2 
45° | 42.3 g 13.1 
52 ¢ 32.6 315° | 23.4 +12.1 +3.9 3.3 | .8 12 
180° | 20.5 | .7 14 
45° | 19.5 7 12.2 
47 bs 32.6 315° | 22.8 +12.6 +4 3.5 9 II.I 
180° | 20 7 14.4 
| 45° | 18.8 1.8 | 128° 








It was stated in the beginning of the paper that disagree- 
ment between the results of the method of flicker and equality 
of brightness would be shown from a preponderance of the 
work done by others who have made the comparison. As a 
general case the fact scarcely needs more than the pointing 
out. Before the work of Ives, disagreement was pretty 
generally admitted. Bell! says: “That the flicker and equal- 
ity of brightness methods do not give coincident results when 
we consider the general case of flicker photometers, as com- 
pared with equality of brightness photometers, is a fact that 
has been too long familiar to photometrists to admit of a dis- 
cussion.” Comparisons of the two methods have been made 
by Whitman, Wilde, Dow, Bell, Stuhr, Luckiesh and Ives. 
Whitman? compared the luminosities of a red and green light 
placed 6 ft. apart on a photometer bar. He found that the 
setting of the photometer for equality of illumination differed 
for the equality of brightness and flicker methods by 1.2 ft. 
for one observer, and .8 ft. for another. Wilde* photometered 
a tungsten lamp against a carbon by the methods of flicker 
and equality of brightness, and found a difference of 6 per 
cent. in the result. Bell‘ compared the ratio of lumin- 

1 Bell, L., ‘Acuity in Monochromatic Light,’ Electrical World, Sept. 9, 1911, 58, 


p. 637. 

2 Whitman, F. P., ‘On the Photometry of Differently Colored Lights and the 
Flicker Photometer,’ Physical Review, 1896, 3, pp. 241-249. 

8 Wilde, L. W., ‘The Photometry of Differently Colored Lights,’ The Electrician, 
July 16, 1909, 63, pp. 540-541. 

‘ Bell, L., ‘Chromatic Aberration and Visual Acuity,’ Electrical World, May 11, 
IQII, 57, pp. 1163-1166. 
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osities of a mercury vapor lamp with that of a tungsten 
lamp by means of the flicker method and found it to be 5.42. 
These same lights by the equality of brightness method gave 
a ratio ranging from 6.86 to 10.93 for different observers. 
Stuhr! compared red and green lights by several methods 
including the method of flicker and equality of brightness. 
He found that the mean deviation of the values obtained by 
the method of flicker from those obtained by the equality of 
brightness method amounted to 14.14 per cent. Luckiesh? 
photometered a red against a blue-green light by the methods 
of flicker and equality of brightness, and found a difference of 
62 per cent. in the ratios of the luminosities of the two lights 
by the two methods. 

Two factors have in the main been assigned to the cause 
of the disagreement: the effect of intensity and of size of the 
photometric field. Lauriol, Dow, Millar, Ives, and Luckiesh 
have investigated the former factor, and Schenck, Dow, and 
Ives the latter. These are both factors which affect the 
results of both methods. In comparison little attempt has 
been made to find the factors that affect the results of each 
method alone. As a general case these, it would seem, might 
be more apt to prove a source of disagreement than those 
which affect both methods. 

With regard to the intensity of the light as a factor, 
Lauriol* and Dow‘ claim that the relative shift in the bright- 
ness of the different colors at low illuminations is shown by 
both methods. The shift for Dow, however, is more pro- 
nounced in the equality of brightness than the flicker deter- 
minations. For Lauriol the shift for the different colors 
varies in magnitude by the two methods and in some cases 
in direction. Millar,* on the other hand, claims that the 

1Stuhr, J., ‘Ueber die Bestimmung des Aequivalenzwertes verschiedenfarbiger 
Lichtquellen,’ Kiel, Philos. Diss., Vol. 19, Okt., 1908, p. 50. 

2 Luckiesh, M., ‘Purkinje Effect and Comparison of Flicker and Equality of 
Brightness Photometers,’ Electrical World, March 22, 1913, p. 620. 

3 Lauriol, ‘Le photométre a papillotement et la photométrie heterochrome,’ 


Bull. Soc. Intern. des Electriciens, 1904, pp. 647-652. 
4 Dow, J. S., ‘Color Phenomena in Photometry,’ Philos. Mag., 1906, 12, Ser. 6, 


p- 131. 
5 Millar, P. S., ‘The Problem of Heterochromatic Photometry,’ Trans. Illuminating 
Engineering Society, 1909, 4, p. 769. 
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Purkinje phenomenon is not shown at all by the flicker 
method at low illuminations, while Ives! and Luckiesh*? go 
to the other extreme and declare that a reverse Purkinje 
effect is obtained by the flicker method. With regard to size 
of field as a factor, Schenck*® found that a decrease in size 
lowered the mean variation for the flicker method and de- 
creased the luminosity value obtained for all the colors. 
Dow! found that as the size of the field was decreased, red 
and yellow lightened relatively to green and blue. This 
effect was more pronounced for the equality of brightness 
than for the flicker method. Ives® found this effect for the 
equality of brightness method, but the reverse effect for the 
flicker method. 

Ives, admitting the disagreement between the two 
methods and accepting size of field and intensity of the 
stimulus as the cause of the disagreement, sought to determine 
whether a field size and intensity could not be found for 
which the two methods agree. He photometered different 
portions of the spectrum against carbon lamps at a number of 
intensities and with a number of field sizes. He found in 
general for five observers that the luminosity curves obtained 
by each method differed. This difference, however, was less 
for high intensities than for low. 

A table is appended (Table IX) in which is shown in per- 
centage the difference in results gotten by the five observers 
used by Dr. Ives at the intensity of light which he calls most 
favorable to agreement for the two methods (250 Illumination 
Units). It will be seen that the disagreement for these 
observers is in the average as great, if not greater than was 
gotten by our own observers. Percentage of overestimation 
by the method of flicker is designated by +, and under- 


estimation by —. 


1Ives, H. E., op. cit., p. 171. 
2 Luckiesh, M., op. cit., p. 620. 
3 Schenck, F., ‘Ueber die Bestimmung der Helligkeit grauer und farbiger Pigment- 


papiere mittels intermittirende Netzhautreizung,’ Pfliger’s Archiv, 1896, 64, pp. 607- 


628. 
4Dow, J. S., op. cit., pp. 130-134; ‘Physiological Principles Underlying the 


Flicker Photometer,’ Philos. Mag., 1910, 19, Ser. 6, pp. 58-77. 
5 Ives, H. E., op. cit., p. 172. 
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TABLE IX 


Showing in percentage the difference in results between the methods of flicker and 
equality of brightness for the five observers used by Dr. Ives at the intensity 
of light which he calls most favorable. 





F, E. C, 











A | HEI M.L | P.W.C. C.F.1 
6534 «| —12.% | +29.% |] —18.% | 51. % —50. % 
643n | —36 | +56. | -— 70 — 31. —23.7 
6328 | — 43 | +20. | 15.5 —45.5 —12.9 
624. | — 7.3 | +12.5 | — 4.2 —42. —15.9 
612u —10. | + 8.3 |} — 6.5 — 7.5 + 0.3 
594u — I. |} = 0.5 |} — 05 + 7.5 + 5.8 
5746 | + 0.5 — 2.4 | — 2.5 +27. — 5.9 
555é | — 04 — 8.0 |} —II.9 — 4.8 + 8.9 
545u — 3.1 8.4 |} —13.8 + 3 + 8. 
-530u |} =— 19 | = 4.0 |} —12.6 —12 +14.3 
526u ° | — 8.7 | —21-4 — 3 +33.5 
517M + 0.6 —10.8 —13.8 —33 +30.0 





It has been our purpose in general in this part of the 
paper to indicate a field of investigation in the department 
of physiological optics about which little is known as yet with 
certainty, rather than to report a finished piece of work or to 
attempt to draw positive conclusions. When functioning 
under the conditions imposed by the method of flicker, too 
little is known of the characteristics of the eye, we believe, 
to render safe its use as a measuring instrument. Our 
purpose in particular has been to point out and show the effect 
of a factor which we believe to be an important source of 
disagreement between the equality of brightness and the 
flicker methods, and to suggest that a more careful study be 
made of the factors that influence the method of flicker before 
it is adopted in its present form as the method for the stan- 
dardizing laboratories. Just as one factor has been over- 
looked, so there may be others the influence of which should 
not be ignored. 

APPENDIX 


Three other points which may be of interest in connection 
with the above work are appended here. ‘The first two were 
discussed by Dr. Ives in a series of articles on the method of 
flicker in the Philos. Mag., 1912, 24, Ser. 6, pp. 149-188, 
352-370, 744-751, 845-853, 853-863. (1) In the third of his 


series of articles, he apparently wishes to show that the cause 
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of the disagreement between the results of the methods of 
flicker and equality of brightness lies on the side of the latter 
method. That is, the difficulty of making the judgment is so 
great that not an equalization, only an ‘appraisement’ is 
accomplished. To demonstrate this, he attempts to get rid 
of the disturbing factor of color difference in the equality of 
brightness method by making his comparisons always between 
lights differing only slightly in composition. That is, a 
green is compared with a green slightly shifted toward the 
yellow or blue, etc. (See his work with the ‘cascade’ 
method, p. 748.) A curve of luminosity for the spectrum 
obtained in this way is found to agree more closely with the 
flicker curve than one obtained in the ordinary way. The 
following things may be said of this demonstration, however. 
In the first place, he states that the cumulative errors are so 
great in the method that he could not begin at one point in 
the spectrum having a given luminosity and work in a given 
direction, then reverse this direction of working and obtain 
at all a close approximation to the luminosity value for the 
point at which he started. For this reason he drops the 
point by point procedure of the ‘cascade’ method, and plots 
his curve by taking his observations at twelve points in the 
spectrum. From the observations of these points the whole 
curve is constructed. In the second place, his method does 
not entirely accomplish his purpose of getting rid of all differ- 
ence in color quality between the lights compared. In order 
to add some further data bearing upon the question whether 
the lack of agreement hitherto found between the results 
obtained by the equality of brightness and flicker methods 
could have been due to the difficulty of making the equality 
of brightness judgments of fields differing in color quality, 
we have thought it worth while to make the comparison 
using an equality of brightness method which for the pur- 
poses of this investigation presents, we believe, some points 
of advantage over the method used by Dr. Ives.!. That is, 

1We do not, however, mean to propose this as an entirely satisfactory method 
of heterochromatic photometry for the reason given in the discussion of the relation 


of the method to the Talbot-Plateau law (see footnote p. 149). We are using the 
method here merely to show that when the disturbing factor of color difference in the 
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the method we have used offers even less chances for errors 
in judgment, is simpler, and entirely eliminates the presence 
of a second color in the fields to be compared. The method 
is as follows: The sectored disc was adjusted so that its 
outer edge bisected vertically the photometric field. A 
standard colorless light was moved to the position on the 
photometer bar that gave the judgment of equality by the 
method of flicker, and the disc was rotated at the fusion rate. 
Half of the field was thus of color of the original saturation 
and luminosity, and the other half was a fusion of the 
colored sector of the original saturation and luminosity and a 
gray sector of the luminosity of the color as determined by 
the method of flicker. Now, if the luminosity of the color by 
the method of flicker were the same as by the equality of 
brightness method, the two halves of the photometric field 
should match in luminosity (within the limits imposed by the 
Talbot-Plateau law).!. That is, the addition of the colorless 


fields to be compared is eliminated from the equality of brightness method, there is 
still a large, in fact an apparently undiminished characteristic difference between 
the results of the equality of brightness and flicker methods, which, so far as one 
can see, can in no way be ascribed to the equality of brightness method employed. 
The degree to which the influence of color difference on the judgment of the bright- 
ness equality of the fields compared is removed by this method is shown by the greatly 
increased reproducibility of the judgment. For our observers, the reproducibility 
is almost as great as it was for the method of flicker. There was thus but little more 
of the element of appraisement in this method than there was in the method of flicker, 
while the characteristic difference in the results obtained by the two methods was not, 
so far as could be determined, appreciably lessened. 

1A few words are needed to explain what is meant above by “within the limits 
imposed by the Talbot-Plateau law.” It could scarcely be expected from a considera- 
tion of this law that the two fields would match especially under the dark-rooin condi- 
tions under which photometry is done, even when the gray sector was chosen equal in 
brightness to the color by the equality of brightness method. That is, when the 
colored is mixed with the gray sector by the method of successive impressions, there 
is a reduction of the intensity of each impression which is the same as would be 
gotten were the intensity of each light to be reduced in proportion to the time of ex- 
posure of the eye to each light to the total time of exposure of the eye to both lights. 
(See the discussion of the Talbot-Plateau law, p. 121.) That is, if the value of each 
sector is 180°, the impression made upon the eye by each light is the same, according 
to the Talbot-Plateau law, as if both lights were reduced one-half in intensity. But 
in suffering the reduction, the luminosity of the colored sector is not changed the same 
in amount as is that of the gray sector. If it is blue or green, for example, its bright- 
ness is not reduced so much as is that of the gray sector, and its fusion with the gray 
sector tends to lighten that sector and to make the second half of the field lighter than 
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to the colored sector would produce no change in its luminos- 
ity, and the two halves of the field would present a fully 
saturated color of a given luminosity and a less saturated 
color of the same luminosity (within the limits imposed above). 
But if there were an underestimation or an overestimation of 
the luminosity of the color by the method of flicker, the 
brightness of the second half of the field would be modified 
in this direction in proportion to the value of the colored and 
colorless sector; and if the underestimation or overestimation 
were great enough the two halves would not match. In 
proportion as the colorless sector is made larger in the second 
half of the field, the color of the mixture loses saturation, and 
the comparison with the fully saturated half of the fields 
becomes more difficult to make. On the other hand, in 
proportion as the colored sector is made larger, the effect on 
the brightness of the mixture of the difference between the 
flicker value and the true sensation value, if such a difference 
exists, is lost. After considerable preliminary investigation 
it was decided to use in turn colored sectors of the value of 
300°, 270°, and 180°. The comparison was made for lights 
of the intensities specified in the preceding sections of the 
paper. In all cases when the color was red or yellow, the 





the first. If, however, the colored sector is red or yellow, it is reduced more in bright- 
ness than is the gray sector, and its fusion with that sector tends to darken it and so 
to render the second half of the photometric field darker than the first. We have 
conducted experiments to determine whether the above effect, which is a direct corol- 
lary of the Talbot-Plateau law, actually takes place in observable amounts. When 
the light of the spectrum or light of the purity given by the Wratten and Wainwright 
filters was used, we found that it did. That is, when the second half of the field was 
green or blue and was fused with a gray of the luminosity of the color employed, 
determined by the equality of brightness method, this half of the field was observably 
lighter than the first half. Conversely, when red or yellow was used, the second half 
of the field was darker than the first. The effect, however, was not nearly so great as 
it was when the gray sector was made of the brightness of the color as determined 
by the method of flicker. That is, if two experiments are conducted, one in which 
the second half of the field is made by fusing the colored sector with a gray sector 
of the brightness of the color as determined by the equality of brightness method, and 
the other in which this half of the field is made by fusing the colored sector with a gray 
sector of the brightness of the color as determined by the method of flicker, the differ- 
ence in brightness between the two halves of the field is quite appreciably greater 
in the second case than in the first. For example, when the colors are green and blue, 
the second half of the field is more too light in the second case than in the first; and 
when red and yellow, it is more too dark. 
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second half of the field was darker than the first; and when 
either blue or green, was lighter than the first half of the field. 
Determinations were made also of how much the colorless 
light had to be moved to make the two halves of the field 
match. These distances were not much different from those 
contained in the tables in the preceding sections of the paper 
expressing the difference in the estimation of the luminosity of 
the colors by the methods of flicker and equality of brightness 
(see pp. 136, 137),—certainly not any more than should be 
expected when it is remembered that a part of the effect 
of the difference is lost by mixing the colorless light repre- 
senting the flicker determination with a sector of the colored 
light in its true luminosity value. The work was done also 
with pigment papers with a similar result. Thus it seems 
reasonable to conclude that the cause of the disagreement 
between the two methods can not be attributed entirely at 
least to the difficulty of making the equality of brightness 
judgment due to the difference in color quality between the 
fields compared, for in the above cases the color quality of 
the lights compared was the same. In the third place, dis- 
regarding the results of the above experiments, the writers 
scarcely need point out that it would be extremely difficult 
to explain such a systematic drift of luminosity in one direc- 
tion in one part of the spectrum, and in the opposite direction 
in the other part, as we obtained, in terms of errors due to a 
false judgment of the sensations actually aroused. More- 
over, it would be just as difficult to explain Dr. Ives’s own 
reverse Purkinje effect in terms of a false judgment of the 
actual brightness values presented in sensation; or the closer 
agreement he obtains between the results by the methods of 
flicker and equality of brightness at high illuminations, in 
which case there is the maximum amount of color present 
and, therefore, the maximum color difference to disturb the 
equality of brightness judgment between colored and color- 
less light. Moreover, the kind of errors that one finds as 
due to uncertainty of judgment is a deviation on either side of 
amean. This occurs when all other factors are eliminated if 
several judgments of the same sensation are made. Such 
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errors are compensated for by taking the average or mean of 
the determinations. If it is not conceded that they are com- 
pensated for, how, for example, can the average of the results 
by the equality of brightness method be taken as a standard 
in terms of which to evaluate the results obtained by other 
methods? (See Whitman, Schenck, Wilde, etc.).!. Surely 
this should not be allowed if there were a consistent deviation 
in any one direction from the true brightness value for a given 
color due to errors in judgment. Moreover, such a character- 
istic drift due to errors in judgment is unknown in all previous 
work in psychophysics, and not only unknown, but unsus- 
pected. 
_ (2) In the fourth paper of the series,? Dr. Ives applies as 
a test to the method of flicker what he calls two axioms of 
measurement. ‘These are (a) things which are equal to the 
same things shall be equal to each other; and (b) the whole 
shall be equal to the sum of its parts. He finds that the 
method of flicker satisfies these axioms better than the equali- 
ty of brightness method. We would point out that these 
tests would not be expected to reveal to any considerable de- 
gree the influence of the factor we are discussing. They are 
tests which would apply as a check on the power to make the 
judgment of the brightness of the sensation properly, or to 
any tendency of this brightness equality to drift in one direc- 
tion in any part of the spectrum without a compensating drift 
in the opposite direction in some other part of the spectrum; 
but they are not tests that could be expected to show whether 
or not there is underestimation in one half of the spectrum 
and overestimation in the other half. For example, the area 
of the curve of the spectrum plotted by the method of flicker 
might very well sum up to the value of the reassembled white 
light because of the compensating effect of the underesti- 
mation of one half of the spectrum and the overestimation of 
the other half. 

(3) Since the foregoing paper was presented, the writers 


1 While Dr. Ives does not explicitly state that he takes the equality of brightness 
method as a standard in terms of which to evaluate the correctness of the results by 
other methods, the point of view is strongly implied in his first paper (loc. cit.). 

2 Philos. Mag., 1912, 24, Ser. 6, pp. 845-853. 
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have met with the contention from a prominent advocate of 
the method of flicker that the effect of a reduction of intensity 
is not given by the method of flicker because each individual 
impression is carried over until the next is given, with suffi- 
cient intensity to preclude the effect of reduction. Whether 
or not each individual impression can be considered as carry- 
ing over with sufficient intensity to preclude the effect of re- 
duction is an important point and should, lest the issue be in 
doubt, be included in a discussion of the principles underlying 
the method of flicker. It may not be out of place, therefore, 
for us to consider the question here briefly, even though it 
has not as yet, so far as we know, been discussed in print. 

As evidence that each individual impression should be 
considered as carrying over with sufficient intensity to pre- 
clude the effect of reduction, it was contended, as the case 
was presented to us, that the rate used in the method of flicker 
is the fusion rate of the two impressions. Two reasons were 
given for considering this rate as the fusion rate. (1) If the 
two impressions be red and green, for example, yellow is pro- 
duced at the rate of succession used in the flicker method. 
Yellow, it was pointed out, is a fusion of red and green, and, 
therefore, the rate used must be considered as the fusion rate 
for these colors. In answer to this point we would again call 
attention to the phenomena (see p. 116) which are produced in 
sensation when two impressions differing in color and bright- 
ness are given to the eye successively at different rates of 
speed.!. When the rate is very slow, the effect of separate 
and distinct impressions is given, each in its proper color and 
brightness. When a little faster rate is used, the impressions 
become confused and a flickering effect is produced both in 
the color and brightness components of the sensation. When 
the rate is made still faster, the flickering of color dies out, 
leaving only brightness flicker; that is, the color components 
of the two sensations have been fused. That the brightness 

1 We wish at this point to state very emphatically that our account of the fusion 
of the color and brightness components of sensation at different rates of speed is not 
based on any theoretical conception of a separate brightness and color sense, but upon 


actual observation of the phenomena that take place when light impressions differing 
in color and luminosity are combined at different rates of succession. These phe- 
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components have not been fused, however, is attested by the 
presence of brightness flicker, which is now left outstanding 
in a field uniform as to color quality. As the rate of succes- 
sion is made still faster, brightness flicker becomes less and 
less pronounced and finally disappears.1. The rate at which 
this disappearance takes place is the fusion rate for the bright- 
ness components for the two sensations, and is much higher 
for all the colors than is the rate at which the fusion of the 
color components takes place.? (Interpreted in terms of the 


nomena may be readily demonstrated by any kind of flicker photometer head if a 
sufficiently sensitive control of speed of rotation is had. (We have used for the control 
of speed of rotation a rheostat and motor especially constructed to give fine changes.) 
It can be very plainly and perhaps most conveniently demonstrated by rotating 
sectors of pigment papers at the proper gradations of speed in a good daylight illu- 
mination. 

1 We find that Kriiss (Physical. Zeitschr., 1904, 5, p. 67) gives a description of 
the phenomena that take place in sensation when two impressions differing in color 
and brightness are given to the eye successively at different rates of speed, very 
similar to that we have given here. He says: “If we slowly alternate the illumination 
from two differently colored light sources, for example, from a Hefner lamp and a gas 
burner, we clearly distinguish a succession of reddish and bluish bands with weak 
washed-out limits between them. As the rate of succession is increased it becomes 
progressively more difficult to distinguish the two colors from each other. At a com- 
paratively low rate they begin to lose themselves in each other. At a slightly higher 
rate the difference in color disappears altogether and we have a color mixture. In this 
mixture, however, a brightness succession, a flicker, is observable which disappears 
only by a further increase in the rate of succession. Physiologically, it is of great 
interest that the distinguishing of separate colors ceases at a much slower rate of 
succession than the rate at which completely continuous sensation begins.” 

? The following values will serve to give a rough comparative showing of the 
rates at which the phenomena described above take place. The colors used were red 
and green. They were obtained from pigment papers of the Hering series of standard 
papers and from gelatine filters. Two intensities of color were employed in each case. 
The brightness of the Hering green for the lower intensity of illumination was .000814 
cp. per sq. in.; of the red, .000594 cp. per sq. in. The phenomenon of separate 
impressions occurred from the lowest speed up to 6.9 revolutions per second. The 
impression of an intermingled color and brightness flicker was given from this rate 
up to 9.6 revolutions per second, at which rate the color components of the sensation 
fused, giving a field uniform as tocolor quality but with a strong outstanding brightness 
flicker. Brightness flicker was present until a speed of 22 revolutions per second was 
obtained. At this speed the brightness components in sensation were completely 
fused and the rotating disc presented a surface uniform both as to color and brightness. 
In making these determinations, the same sized field was used as was employed in our 
work with the method of flicker, i. ¢., the disc was viewed through an aperture 3 mm. 
X 3 mm. in a gray screen (Hering No. 24) 20 cm. from the eye. For the higher inten- 
sity the green surface was illuminated to a brightness of .00242 cp. per sq. in.; the 
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duration of the impression after the light has been cut off, 
this means, of course, that the brightness component inthe 
sensation does not carry over under these conditions with as 
little loss of intensity as does the color component.) It is 
evident, then, that the rate of succession which is used in the 
method of flicker is at or near the fusion rate for the color 
components of the two sensations, not for the brightness com- 
ponents; nor is it anywhere near the fusion rate for the bright- 
ness components. But it is the brightness components in 
which we are interested in photometry. That is, it is in 
terms of the brightness component that all photometric judg- 
ments are made. The color components, when they differ 
in tone, only serve to confuse the judgment. It is, therefore, 
our object in all methods of photometry as much as possible 
to get rid of difference in the color components. This can be 
accomplished in the method of flicker only because of the 
fact we have just pointed out, namely, that the fusion of the 
color component in sensation comes at a much lower rate of 
succession than the fusion of the brightness component. That 
is, all color differences, whether sensed as distinct or as flicker- 
ing sensations, disappear at a rate of succession that has little 
or no effect on eliminating the brightness factor, or in this 
case the equivalent of this elimination, the fusion of the bright- 
ness components of the two sensations. In fact, if there 
were no difference in the fusion rate of the color and bright- 
ness components, the flickering color impressions would so 
mask the presence of brightness flicker at any rate of succes- 
sion that could be used, that the method would doubtless 
red, .00167 cp. per sq. in. The phenomenon of separate impressions occurred from 
the lowest speed to 6 revolutions per second, at which rate color flicker began. Color 
fusion took place at 12.4 revolutions per second, and brightness fusion at 29.3 revolu- 
tions per second. At the lower intensity for the filters, the brightness of the green 
was .154 cp. per sq. in.; for the red, .099 cp. per sq. in. As compared with their 
brightness these colors were much more poorly saturated than were the Hering pig- 
ments. The phenomenon of separate impressions ceased and color flicker began at 
6.5 per second. Color fusion took place at 11.5 revolutions per second, and brightness 
fusion took place at 35.4 revolutions per second. At the higher intensity for the 
filters the brightness of the green was .22 cp. per sq. in.; for the red, .143 cp. per 
sq. in. Color flicker began at 7 revolutions per second; color fusion took place at 
12.9 revolutions per second; and brightness fusion was complete at 38.3 revolutions 
per second. 
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have little if any greater sensitivity than the equality of 
brightness method. (2) The second point that was cited 
in support of the contention that the rate used in the method 
of flicker is the fusion rate for the two sensations aroused, is 
that no brightness flicker is present when in terms of the 
method the two impressions are adjudged of the same bright- 
ness. This to the present writers seems indeed a strange 
confusion of meanings. Fusion is a term used to represent 
what takes place when two impressions or sensations differing 
in quality are combined into one, the same or homogeneous 
as to quality. This combination may be obtained in case of 
light stimuli, for example, by mixing two lights evenly and 
allowing them to act simultaneously on the eye; or it may be 
obtained by giving two lights to the eye in succession at such 
a rate that the sensation aroused by the one lasts over until 
the next one is set up with a sufficient degree of intensity to 
give the effect of continuity or homogeneity of quality. It 
may add to the clearness of our discussion, then, to consider 
what takes place in this regard when two impressions differing 
in brightness are given to the eye at the different rates of 
succession mentioned in the preceding paragraph. At the 
rate at which distinct and separate impressions are given, 
each sensation obviously dies away completely before the 
next one is aroused. If a rate slightly faster than this is 
selected, the sensation does not die away completely before 
the next one is set up. 

There is a slight lasting-over from one impression to the 
next. This when the two impressions differ in brightness 
gives the effect of a wavering or flickering sensation. At the 
lowest speed at which flicker is produced, the effect of this 
lasting-over has its minimum value. As the speed is further 
increased it becomes greater and attains its maximum value 
at the rate of complete brightness fusion.!. (See discussion of 
Talbot-Plateau law, pp. 121.) It is obvious, then, that the 
rate of speed employed in the method of flicker, which is, 
roughly speaking, the lowest rate at which brightness flicker 

1 At the fusion rate neither sensation rises to its maximum value, for example, nor 


has a chance to die away until the next one develops. The effect is that of a con- 
tinuous sensation homogeneous as to color and brightness. 
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can be obtained unmixed with color flicker, is not the fusion 
rate for the brightness components in sensation nor is it 
anywhere near this rate.! It is equally obvious also that the 
absence of flicker when the final adjustment of the lights has 
been made for a photometric balance, can not be adduced as 
any evidence that this rate is the fusion rate for the brightness 
component of the two sensations, or, what is more significant 
in relation to the above mentioned claim, that it is a rate to 
which more than a minimum of lasting-over effect from 
impression to impression can be ascribed. Flicker is absent 
merely because, in accord with the purpose of the method, 
such an adjustment of the distance of the lights from the 
photometer head is made that the sensations aroused by the 
two lights are of equal brightness. Such sensations do not 
flicker whatever may be their rate of succession. It can, 
therefore, be considered as little more than absurd to adduce 
the absence of flicker when the photometric balance has been 
attained as evidence that the rate used is the fusion rate for 
the brightness components of sensation, and to pass from this 
to the conclusion that the same amount or anywhere near the 
same amount of carrying-over effect is present for this rate 
as obtains when the fusion rate is used. In fact, if this 
carrying-over effect were present to any considerable degree, 
the whole point of the flicker method would be lost. That 
is, it is the purpose in the method of flicker to select a rate of 
succession that will give the eye the maximum of sensitivity 
to brightness difference (or flicker), namely, the lowest 
rate at which flicker can be produced, rather than a rate that 
will fuse out this difference in sensation. 

But supposing it could be established, as was contended, 
that we have in the rate used in the method of flicker a com- 
plete color and brightness fusion of the sensations aroused 
by the two lights, little would be gained for the claim that 
there is no reduction in the effect on sensation of the two 
lights employed, if it be granted, for example, that the 
Talbot-Plateau law is true. In substance this law is as 





1 Flicker and fusion are in fact antithetical terms, and the rates of succession 
which are favorable for each are widely separated in the scale of frequencies. 
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follows. When once the rate of rotation is sufficient to give 
a uniform sensation, the color and brightness of the disc are 
the same as they would be if all the light reflected from the 
sectors were evenly distributed over the surface of the disc; 
and no further increase in rapidity produces any effect on its 


appearance.! In terms of this law it is seen that the effect on 

1 See H. F. Talbot, ‘Experiments on Light,’ Philos. Mag., 1834, Ser. 3, 5, pp. 321- 

334- 
Talbot phrases this law as follows (pp. 328-329): “Since then these two things— 
the intensity of light and the time of the body’s remaining in any given part of the 
circle—are each inversely proportional to the circumference of the circle it describes, 
it follows that they must be directly proportional to each other; that is to say, an 
irregular intermittent luminary whose observations are too frequent and too transitory 
for the eye to perceive, loses so much of its apparent brightness from this cause as is 
indicated by the proportion between the whole time of observation and the time 
during which it disappears.” ‘‘The rapidity of the rotation does not affect the argu- 
ment.” To verify this reasoning, Talbot conducted experiments with reflected light 
using pigment surfaces and mirrors to send the light to the eye; and with transmitted 
light using sectored discs to cut down the time of exposure of the eye to various luminous 
sources. 
In 1835 Plateau repeats and verifies Talbot’s experiments. (‘Betrachtungen 
uber ein von Hrn. Talbot vergeschlagenes photometrisches Princip,’ Poggen. Annal., 
1835, 35, pp. 457-468). He concludes from his experiments as follows (pp. 462-463) 
“Nun muss zufolge des am Anfange dieses Aufsatzes dargelegten Princips die schein- 
bare Helligkeit der Scheibe sich zu der des Papiers verhalten wie die Voriibergangsdauer 
eines weissen und eines schwarzen Sectors; odor was dasselbe ist, wie die Winkelbreiten 
eines weissen Sectors zur Summe der Winkelbreiten eines weissen und schwarzen 
Sectors, oder endlich, was auch noch dasselbe ist, wie die Breite sammtlicher weisser 
Sectoren zum ganzen Kreisumfang.” 

Swan, apparently working in ignorance of the writings of Talbot and Plateau, 
in substance formulates the law anew in 1849 (see W. Swan, ‘On the Gradual Produc- 
tion of Luminous Impressions on the Eye and Other Phenomena of Vision,’ Trans. 
Roy. Soc. Edinh., 1849, 16, pp. 581-603. See also F. Boas, ‘Ein Beweis des Talbot’- 
schen Satzes und Bemerkungen zu einigen aus demselben gezegonen Folgerungen,’ 
Wiedem. Ann., 1882, 16, 359-362; A. M. Bloch, ‘Expériences sur la vision,’ Compt. 
Rend. de la Soc. de Biol., 1885, 2, p. 495; A. Charpentier, ‘Loi de Bloch relative aux 
lumiéres de courte durée,’ ibid., 1887 4, p. 5; etc. 

For a more modern statement of this law and one also more consistent with the 
relation of changes in light energy to changes in sensation, see Helmholtz, ‘Handbuch 
der physiol. Optik,’ zw. Aufl., 1896, p. 483, “Wenn eine Stelle der Netzhaut von 
periodisch veranderlichem und regelmassig in derselben Weise wiederkehrendem Lichte 
getroffen wird, und die Dauer der Periode hinreichend kurz ist, so entseht ein continuir- 
licher Eindruck, der dem gleich ist, welcher entstehen wirde, wenn das wahrend einer 
jeden Periode eintreffende Licht gleichmassig tiber die ganze Dauer der Periode 
vertheilt wiirde”; or E. C. Sanford, ‘Experimental Psychology,’ 1898, p. 146, “When 
once the rate of rotation is sufficient to give a uniform sensation, the color and bright- 
ness of any concentric ring are the same that they would be if all the light reflected 





FLICKER PHOTOMETRY 159 


sensation is the same as is gotten by reducing the intensity of 
each light by an amount proportional to the ratio of the 
exposure time of that light to the total time of exposure to 
both lights; or in case the photometer head is a sectored disc, 
in proportion to the value of the given sector or set of sectors 
to 360°. That is, with a total value of each sector or set 
of sectors of 180°, the effect on sensation is the same as if each 
light were reduced one-half in intensity; if the total value of 
one sector or set of sectors is 90°, the effect on sensation is the 
the same as if the light illuminating that sector were reduced 
to one-fourth of its intensity; if the total value were 45°, the 
same effect is produced as if the light were reduced to one- 
eighth of its intensity; etc. Thus, even if the rate of suc- 
cession that is used in the method of flicker could be con- 
sidered as the fusion rate for the brightness component of the 
sensation aroused, little advantage could be gained for the 
position in question. For the conclusion most certainly could 
not be avoided that the effect on sensation would be the same 
as if the lights were reduced in intensity, and by an amount 
proportional to the ratio of exposure time of each light to 
the total time of exposure to both lights. 

The position under discussion seems also to involve to 
some extent a confusion of principle of the method of flicker 
with the method of critical frequency. For example, in the 
method of critical frequency, the impressions are given to the 
eye at the fusion rate. We need scarcely call to mind the 
procedure. One sector or set of sectors of the disc is illu- 
minated by one of the lights to be compared and the other is 
black or of a very low luminosity. The disc is rotated at a 
rate which completely fuses the sectors in sensation. This 
light is then removed and the other light to be compared is 
substituted for it. The distance of this light from the disc 
is then adjusted until the rate of rotation required to produce 
fusion is the same as it was in the previous case. When this 
adjustment is obtained the intensity of illumination of the 
disc by the two lights is said to have been the same, and the 


from it were evenly distributed over its surface, and no further increase in rapidity 
produced any effect on its appearance.” 
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relative brightnesses of the lights themselves are calculated 
by the law of inverse squares. ‘The situation is, however, 
quite different for the method of flicker. Both sectors or 
sets of sectors of the disc are illuminated by the lights to be 
compared, and the rate of rotation is to be made such that 
if there were any brightness difference between the sectors, 
the maximum of flicker, not fusion, would be produced. Ifa 
rate were used that would produce fusion, for example, for 
any given amount of brightness difference, it is obvious that 
no difference in brightness equal to or less than this amount 
could be detected by the method. That is, the whole point 
of the method is to use a rate of speed that could not possibly 
be the fusion rate for any appreciable amount of brightness 
difference between the impressions to be compared; and in so 
far as this purpose can be realized in the different cases in 
which the method is employed, sensitivity for the method is 
obtained. 

What our critic really needs to establish in order to support 
his position is that summation instead of fusion takes place. 
That is, if the total effect of each light on sensation is to rise 
to a higher level than is given by each individual impression, 
the individual impressions must in proportion to the rise 
summate or add their individual intensities. To produce this 
effect of summation, each individual impression would have 
to last over in sensation until the next impression of its kind 
is received, which, since the impressions alternate, could be 
the next impression but one. For example, when red and 
green lights are being compared, if the value of the red sensa- 
tion is to rise to a higher level than that given by a single 
impression, the sensation aroused by one exposure to red 
would have to last over until sensation is aroused by the next 
exposure to red; that is, would have to last through the inter- 
val of exposure to green and into and wholly or partly through 
the succeeding interval of exposure to red. How highly 
improbable it is that this could happen to any degree that 
would be of saving consequence to the method, is shown by the 
following two considerations. (a) The wavering character of 
the sensation which we call flicker is due to the fact that a 
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given sensation does not carry over without a great loss of 
intensity through the next succeeding interval, let alone through 
the next interval but one. And (bd) even at the rate at which 
complete color and brightness fusion takes place, there is 
according to the Talbot-Plateau law no effect of summation 
great enough to cause each individual sensation to attain to a 
higher intensity than that fixed by the ratio of the time of 
exposure of its stimulus light to the total time of exposure of 
both lights, nor to produce a noticeable change in this inten- 
sity, however great is the speed of the succession. That is, 
we have a reduction of the intensity of the sensation aroused 
by each light which is the same as would be gotten were the 
intensity of each light to be reduced by an amount propor- 
tional to the ratio of the time of exposure of that light to the 
total time of exposure of both lights, and no further increase 
in the rapidity of the succession produces any change in this 
effect.! 

With regard to the method of flicker, then, the case 
apparently stands as follows. The individual impressions 
are so short that the eye is very much underexposed to its 
stimulus, and the rate of succession is so slow that there is 


1 If one were permitted to interpret the Talbot-Plateau law with regard to what 
takes place when a rate of succession is employed greater than the fusion rate for both 
the colored and brightness components of sensation, two possibilities would be opened 
for explaining why no change in sensation is produced as the rate of succession is 
increased, and the length of each individual exposure is correspondingly decreased. 
(1) Either the increase in the reduction of the exposure-time causes no further reduction 
in the sensation aroused by the individual exposures; or (2) there is, owing to the 
increased rate of succession, a summation effect which just compensates foi the reduc- 
tion of the individual impressions. Now even if we were to accept as true the one of 
these alternatives which is the more favorable for the case of flicker, namely, that a 
compensating summation action takes place, and assume that this compensating 
summation obtains clear down to the rate of succession that is used in the method of 
flicker, we would have to expect as much reduction in the sensation aroused by each 
of the lights as is expressed by the Talbot-Plateau law. That is, the reduction for 
each would be the same as would be gotten were the intensity of each light to be re- 
duced in proportion to the exposure-time of each to the exposure-time of both. As we 
have already pointed out, however, it is extremely improbable that there could be a 
compensating summation action at the flicker rate great enough to be of any consid- 
erable consequence to the method, because the wavering character of the sensation 
which we call flicker is due to the fact that a given sensation does not carry over 
without great loss until the next one develops, let alone until the next but one 
develops, which it would have to do to produce any summation effect. 
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not enough carrying-over from impression to impression to 
produce fusion, let alone the summation effect which is 
needed to cause the intensity of the sensation to rise to its full 
value or perhaps even to a higher level than would be given 
by a single exposure. Moreover, according to the Talbot- 
Plateau law a summation effect great enough to cause the sen- 
sation to rise to its full value is never produced, however fast 
is the rate of succession; for once the fusion rate is obtained, 
there is a reduction of the intensity of the sensation aroused by 
each light which is the same as would be gotten were the 
intensity of each light to be reduced in proportion to the 
time of exposure of that light to the total time of exposure 
to both lights, and there is no change in this effect however 
much the rate of succession is increased. 


1Since the above discussion was presented to the Illuminating Engineering 
Society, Ives in collaboration with Kingsbury, has published a sixth article on the 
method of flicker (Philos. Mag., Nov., 1914, 28 (167), pp. 708-728) in which a theory 
of flicker photometry is developed based on an analogy drawn between the response 
of the eye under successive stimulation to the action of incandescent lamp filaments 
under a fluctuating current. The gist of the article is that if the eye behaves under 
the conditions obtaining in flicker photometry as do lamp filaments (subject to cer- 
tain modifications which are not in accordance with what is known of the function- 
ing of the eye) under a fluctuating current, the method of flicker should give with 
high intensities of light at the photometer screen the same results on the average as 
the equality of brightness method. It is our purpose here merely to note the article, 
not to give a detailed discussion. The theory will be discussed in a later paper in con- 
nection with further experimental data. It may not be out of place to state at this 
time, however, that the analogy of the eye and the incandescent lamp filament is not 
based on experimental examination of the eye’s manner of response, but is assumed. 
Moreover, considerable evidence is offered in the present paper, we think that the 
eye does not react to its stimulus given to it in succession at the flicker rate according 
to the laws which govern the temperature response of lamp filaments, more especially 
when the impressions differ widely as to wave-length. It has not been claimed, for 
example, that the flicker method does not give the same results as the equality of 
brightness method when the lights compared do not differ as to wave-length. 











DISCUSSION 


THE FUNCTION OF INCIPIENT MOTOR PROCESSES! 


There is no doubt that such a theory as the author discusses is 
of important advantage, yielding a base for a fair understanding 
of nervous functions. In regard to the assumption that the dis- 
charge of a motor center may induce the discharge of a cortical 
center that is tributary to it, there is evidently something left to 
the imagination of the reader. It is possible that from the point 
of view of practical or quantitative science, so to speak, some other 
hypothesis may be found more defensible. 

With this in mind the writer will venture to describe the nervous 
mechanisms that produce the image, holding to the author’s first 
assumptions but departing from the induced discharge assumption. 
To bring out the point quickly, let us begin by considering the 
following case that is easy of explanation, and lead up gradually 
to the functions under controversy. 

If a child sees a red ball and utters the word ball, and then 
makes a forward movement, certain associations will be formed. 
At a later time the child is prompted to utter the word ball but 
the movement is only partially carried out and the word is inaudible. 
An image of the red ball appears in the child’s mind. Now in the 
first occurrence which we may term the experience, we may say 
that there are afferent impulses due to the sight of red, to the shape 
of the ball and to the sound of the uttered word. These go to the 
cortex, or at least a part of each kind does so. There are also 
kinesthetic impulses from the eye muscles and from the throat 
and lips, and a part of these causes excitation in the cortex. 

In the second occurrence, which we may term the recall, there 
are kinesthetic impulses from the muscles used for the word and 
no doubt some of these will be just the same as if the word had not 
been suppressed but uttered aloud. Now if conditions are right, 
these latter excitations will reach the cortical centers which were 
excited in the experience. The author’s first assumptions and 
theory of association are the explanation. ‘Take the color red for 
example. In the experience, the excitation starts in the retina, 


1M. F. Washburn, Psycu. Rev., Vol. XXI., No. 5. 
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thence goes to the cortical center for red, thence it flows to the motor 
centers in activity. Within a moment the excitations from the 
speech muscles pass through the cortex and perhaps follow the 
identical neurons just stimulated by the color. By the rules, 
the common pathway will have its conductivity increased by the 
experience. 

When the recall comes, the flow from the receptors in the 
muscles will follow this line of increased conductivity, pass through 
the cortical center for red and hence an image of red will arise. 
The flow will proceed from the cortical center by the pathways 
that are open to some motor center or centers. Thus we see that 
the suppressed utterance of the word ball has brought up an image 
of the color red and yet there has been no induced discharge such 
as the author describes. For the above demonstration, it is essen- 
tial that in the recall some of the muscles be partially contracted 
so as to cause the kinesthetic excitations which we assume to 
follow from muscular contractions. 

Let us now go a step further and suppose that some time later 
there is an occurrence we will term the secondary recall. The child 
is prompted to utter the word but there is no movement and no 
real contraction nor even a noticeable change of tone in any muscle. 
Again an image of the red ball appears. It is probably fainter than 
in the previous case but it is still clear. 

To explain the secondary recall, we will advance the theory of 
strain signals. 

Beginning with the motor discharge which prompts the utter- 
ance but is not of sufficient intensity to cause muscular contraction, 
we are brought to the motor terminal in the muscle. Let us here 
make the following assumption: 

When a nervous discharge to a motor terminal is too weak to 
cause contraction it will produce a chemical or molecular change in 
the muscle substance which spreads to the sensory terminals, 
causing an excitation of certain neurons, which we will term a 
strain signal. This change in the muscle substance requires about 
the same time as a muscular contraction. 

With the aid of this assumption our explanation of the secondary 
recall will follow the same course as for the other recall. The strain 
signal acts upon the cortex just as a kinesthetic excitation would 
and stimulates those very sensitive cortical neurons which give 
rise to the image. Thus we see again that the incipient utterance 
of the word ball has brought up an image of the color red. It is 
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worth noting that between the two types of recall that we have 
discussed, there are possible stages where kinzsthetic impulses from 
some muscles are joined by strain signals from others to arouse the 
image. 

We find that the theory of strain signals is in some conformity 
with the good old rule that what is true approaching a limit is true 
at the limit, for the image arises from a discharge coming from the 
muscle to the cortex, both when there is some contraction occurring 
and when the contraction is incipient only. Moreover the theory 
appears to be borne out by introspection as when you recall a 
song, the words seem to sound in your ears at about the same rate 
of succession as if you were singing them. Again, the intimate 
relation of nerve to muscle would indicate that a disturbance of 
the motor nerve, however faint, would cause a change of some kind 
in the muscle as the theory requires. It may be only a sort of 
ripple like a sound wave that traverses the muscle. If the reader 
has given much thought to such matters, he will be able to find 
other arguments in favor of the theory of strain signals. 

It would take too long to discuss fairly the matter of “imageless’ 
conscious processes or degrees of clearness or faintness of images. 
We may briefly note, however, that in considering these matters, 
one should keep in mind the rules for the formation of associations 
and the changes that occur during the development of a movement 
system or performance. As the performance is being perfected by 
practice, unnecessary movements are dropped. But the dropping 
of movements means the elimination of kinesthetic impulses and 
also certain changes in the excitations due to the reaction of the 
environment. These eliminations and changes will naturally result 
in the fading and disappearance of images and in the formations 
of new associations. By way of illustration, remember that the 
images of Tuesday reflect the movements of Monday and prevail 
over the faded images that reflect the movements of Sunday. 
In the final stage when the performance has become automatic, 
the only paths of high conductivity will be those connecting the 
movements or essential to the performance. 

Finally it is submitted that the considerations brought out by 
the author regarding attention would be met by the theory of 
strain signals equally well as by the author’s theory of incipient 
motor processes involving induced discharge. 

Comparing the two theories, we observe that the author’s 
theory assumes that a motor discharge that is too faint to cause 
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contraction of the muscle is strong enough to induce a discharge in 
the extremely sensitive tributary cortical center. The theory of 
strain signals assumes that a motor discharge that is too faint to 
cause contraction is strong enough to excite certain sensory terminals 
in the muscle which have communication with cortical centers. 

S. Bent Russe.u 
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